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1. Introduction 


1.1. GENERAL 


This manual provides the basic information necessary for programming in assembly language for the SPERRY 
UNIVAC Operating System/4 (OS/4). Information is presented concerning data representation, instruction coding, 
constant and storage definition, assembier directives, conditional assembly, assembler procedures, and assembler 
error messages. 


1.2. ASSEMBLER CHARACTERISTICS 


The assembler is an efficient software aid designed to handle most programming problems encountered by the user. 
Each machine instruction and data form has a simple, convenient representation in assembly language. The assembler 
translates this language into a form which can be executed by the computer. The rules governing the use of the 
language are not complex and are easily applied by the programmer. 


A program is written on a coding form in assembly language. The information on the form is then keypunched to 
produce source code cards (the source deck). The source deck is read by the assembler and a relocatable object 
module and printer listing are produced. The object module is then linked to other object modules to form a load 
module suitable for loading and execution. 


This manual describes the operational characteristics of the OS/4 assembler and the use of assembly language. These 
characteristics are: 


a Mnemonic Operation Codes 


A fixed mnemonic code, consisting of from one to four letters, is assigned to each machine instruction; each 
code suggests the nature of the instruction. As a further aid in writing branch-on-condition instructions, 
separate mnemonic codes are provided for each condition. Restrictions concerning the use of these mnemonic 
codes are described in 13.3.2. 


. Flexible Data Representation 


Data is represented in the assembler in binary, hexadecimal, decimal, or character notation, allowing the 
programmer to choose the most suitable form for each constant. 


. Symbolic Addressing and Storage Assignment 


Symbolic labels can be assigned to instructions or groups of data. An instruction then references the labeled 
data by label rather than by main storage address. In many cases, other data required by the instruction, such 
a as operand length, can be supplied automatically by the assembler. The assembler also keeps track of all main 
storage locations used for a program, assigns all incoming instructions and data to specific locations, and 
performs base register and displacement calculations. 
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a Assembler Directives 


The assembler includes a set of directives which specify instructions regarding the operation of the assembler 
itself. These directives allow the user to control program sectioning, base register assignment, output listing 
format, sequence checking, and other auxiliary functions. Restrictions concerning the use of assembler 
directives are described in 13.3.2. 


a Conditional Assembly 


The assembler provides a set of directives which permit the user to specify the order of source statement 
generation, exclude sections of code, include a set of lines in the output of the assembly, and vary the content 
of generated statements. 


. Relocatable Programs and Program Linking 


The assembler produces object modules in relocatable form. In this form, the actual storage locations to be 
occupied by a program need not be specified at assembly time, but are determined when the program is 
loaded. Provisions are made for linking, loading, and executing as one program the results of separate 
assemblies, thereby making more efficient use of machine time. The input to one assembly can be divided into 
separate sections, each consisting of a group of instructions or data occupying contiguous locations. The 
relative positions of the sections can be declared at the time the program is linked. 


a Macro Facility 


The assembler macro facility can reduce the effort required to write patterns of code which are repeated ina 
program or shared by several programs. One instruction to the assembler can result in the inclusion in the 
object program of many instructions and constants, or can result in establishing one or more values for use 
elsewhere in the program. A macro may be defined so that the pattern of coding generated can vary widely 
depending upon the parameters supplied in the calling macro instruction. 


a Program Listing 


A printed listing of source and object codes is one output of the assembler. This listing includes error message 
flags marking any errors detected by the assembler. Source code errors do not halt the assembly. The 
assembler processes the remainder of the source code and performs its usual error checks, thus minimizing the 
number of assemblies required to produce error-free code. 


a Compatibility 


Source programs and macro definitions which are written for the UNIVAC 9400/9480 Systems but which are 
to be executed in a UNIVAC 90/60,70 environment may require modification before being acceptable to the 
assembler. 


1.3. DATA FORMATS 


Main storage locations are numbered consecutively. Each address specifies one byte of information. Every time a 
storage request is made, four adjacent locations are accessed; therefore, data (depending on the length) is accessed in 
groups of four consecutive bytes. The address of a group of bytes is the address of the leftmost byte of the group. 
The bits in a byte are also numbered from left to right, starting with zero. 
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———_— 7 


oO 


Half-word data formats consist of two consecutive bytes. 


0—————- 7 8-15 


Full-word data formats consist of four consecutive bytes. 


0 —————— 7 8 1516 —————. 23 24 ———_ 31 


Double-word data formats consist of eight consecutive bytes. 


PEEEEEEECEEEEEPEDPECEEEEEEPEREBEES EE 


1516 2324 3132 ———— 63 


Qo ————————_- 


Variable data formats consist of a variable number of consecutive bytes. 
bobololololofs| . . . [elelolojlolots 
0 —————- 7 Q ————7 


First Byte Last Byte 


It is possible to store 256 different bit combinations in the byte. Thus, data can be represented in various forms to 
the programmer; however, certain restrictions are imposed if the data is to be printed or processed arithmetically. 
The contents of a byte can be considered as a binary number, a decimal number, an alphabetic or symbolic 
character, or logical information. A field used to represent a binary number uses all of the bit positions (except the 
sign bit) to contain the value. However, each byte in a field representing a decimal number, alphabetic character, or 
symbol is considered to be divided into zone and digit portions. The zone portion is the most significant four bits; 
the digit portion is the least significant four bits. 


~~ — 


bib 
344 


—— 


b 
7 


1.3.1. Fixed-Point Numbers 


Each fixed-point number is represented in one of three fixed-length formats composed of a single sign bit followed 
by an integer field. When the sign bit is 0, the integer represents a positive value; when 1, the integer represents a 
negative value. Negative integers are represented in twos complement notation. The half-word, full-word, and 
double-word formats are shown in Figure 1—1. 
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ae SIGN 
~~ 
Half-Word Format INTEGER 
1 15 
SIGN 
Full-Word Format INTEGER mr 
1 
SIGN 
Double-Word Format INTEGER 
1 63 


Figure 1—1, Fixed-Point Number Formats 


When held in one of the 32 general registers (16 for supervisor functions and 16 for user program functions), a 
fixed-point number is generally treated as a 32-bit operand. Certain multiply, divide, and shift operations use a 
64-bit operand composed of one sign bit and a 63-bit integer field. A 64-bit operand is located in two adjacent 
general registers and is addressed by referring to the even-numbered register of the even-odd register pair. 


When fixed-point data is located in main storage, it may be stored in any of the three formats. This data must be 
located on the integral main storage boundary of its associated format. 


A half word in storage is extended to a full word by propagation of the sign bit through the most significant 16 bits 
of the full word when it is transferred to the processor, The half word then operates as a full word in fixed-point 
arithmetic operations. 


1.3.2. Floating-Point Numbers 


Floating-point numbers are represented in signed absolute value form and have a fixed-length format which is either 
a full word (short format) or a double word (long format) in length. Both formats may be used in main storage and 
in the floating-point registers (6.1). Short format numbers provide faster processing and requires less storage space 
than long format numbers. Long format numbers provide greater precision in computations. 


In either format, bit 0 is the sign bit, bits 1 through 7 are the exponent, and the remaining bits are the fraction. The 
exponent is expressed in excess-64 binary notation. The fraction is expressed as a hexadecimal number having the 
radix point to the left of the most significant fraction digit. The quantity expressed by the full floating-point 
number is the product of the fraction and the number 16 raised to the power minus 64 of the exponent. 


Separate instructions are provided for operations with long and short format operands (Section 6). The short and 
long formats are illustrated in Figure 1—2. 
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Full-Word Format EXPONENT FRACTION 
1 7148 
SIGN 
Double-Word Format EXPONENT FRACTION 
] 718 63 
Figure 1—2. Floating-Point Number Formats 
1.3.3. Hexadecimal Representation 
Hexadecimal digits are considered base 16 numbers with values 0 through F (15). A hexadecimal digit is used to 
denote a particular bit pattern in the zone or digit portion of a byte representing either a decimal number or 
alphabetic or symbolic character. (Hexadecimal digits are also used for constant definition as described in Section 
11.) The hexadecimal digits and their binary values are: 
to 
HEXADECIMAL BINARY HEXADECIMAL BINARY 
DIGIT VALUE DIGIT VALUE 

0 0000 8 1000 

1 0001 9 1001 

2 0010 A 1010 

3 0011 B 1011 

4 0100 Cc 1100 

5 0101 D 1101 

6 0110 E 1110 

7 0111 F 1111 

eee i 





1.3.4. Decimal Number Representation 

















Decimal numbers are represented in either unpacked form (one digit per byte) or packed form (two digits per byte). 


In unpacked form, the byte is divided into zone and digit portions. The zone portion usually contains a hexadecimal 
F bit configuration (1111) which is ignored except in the least significant byte; the zone portion of the least 
significant byte is interpreted as the sign of the number. 





| Zone 


DIGIT 


ZONE 


DIGIT 


ZONE 


DIGIT 


SIGN 


DIGIT 





In packed form, digits are contained in both halves of a byte, except the least significant half byte of the field which 
is interpreted as the sign of the number. 
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‘ 
DIGIT | DIGIT 





























i 1 
DIGIT DIGIT DIGIT DIGIT DIGIT SIGN 
The sign of decimal numbers is represented by hexadecimal digits A through F. Any other bit configuration is an 
invalid sign code which could produce unpredicatable results. 
The interpretation of the contents of the sign position is: 
HEXADECIMAL BINARY 
CHARACTER VALUE 
A Positive 
B 1011 Negative 
Cc 1100 Positive (EBCDIC mode)* 
D 1101 Negative (EBCDIC mode)* 
E 1110 Positive (EBCDIC mode) 
F Positive (EBCDIC mode)** 
*Automatically generated in central processor for decimal operations 
** Automatically generated in central processor for zone fill during unpack instruction 
(Binary value is 0011 in ASCII mode.) 
1.3.5, Character Representation 
An alphabetic or other symbolic character representation is contained in the full eight bits of a byte. A character ed 


field is considered as not containing a sign. This type of field is represented: 





ZONE ! DIGIT | ZONE ! DIGIT | ZONE | DIGIT } ZONE : DIGIT 
SS ea aa — 7 [SI 7 
CHARACTER CHARACTER CHARACTER CHARACTER 
1.3.6. Logical Information 
Logical information consists of alphabetic or numeric character codes. This information is used in operations such as 
compare, translate, editing, bit setting, and bit testing. Logical information is handled as fixed or variable length data 


and is processed from left to right, one byte at a time. 


Fixed-length logical information consists of one, two, four, or eight bytes. 


LOGICAL INFORMATION 


Variable-length logical information consists of up to 256 bytes. 


BYTE BYTE BYTE BYTE 
MOST SIGNIFICANT LEAST SIGNIFICANT 
BYTE BYTE 
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1.4. STATEMENT CONVENTIONS 
The conventions used to delineate the control statements in this manual are: 
a Uppercase letters and words and the following characters must be coded exactly as shown: 
, (comma) 
. (period) 
= (equal sign) 
() (parentheses) 
‘ (apostrophe) 
* (asterisk) 
# (number sign) 
Examples: 
Cc 
# 
MCL 
RECSIZE= 


a Lowercase letters and words are generic terms representing information supplied by the user. Such lowercase 
terms may contain hyphens (for readability). 


Examples: 


start-addr 
vol-no-1 
a Information within braces represents required entries, one of which must be chosen. 


Examples: 


aes ; 
‘file-id’ 
LAST 


OPR 
RESET 
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a Information within brackets represents optional entries that are included or omitted (depending upon user 


requirements). Braces within brackets signify that one of the specified entries must be chosen if that parameter ee 
is to be included. 


Examples: 


[version-no] 


[(ALT,n)] 
Pe \ 
STEP 
_ {YES 
[veniry={ YE \] 


a An ellipsis (series of three periods) indicates the presence of a variable number of entries. 


Examples: 
Statement with a specific number of parameters 
lun-1 [,lun-2,...[,lun-20] J 
Statement with an unlimited number of parameters 


domid-1.,... 


1.4.1. Positional Parameters 


Positional parameters must be written in the order specified, and each must be separated by a comma. When a 
positional parameter is omitted, the comma, even though it may be shown inside a bracket, must be retained to 
indicate the omission, except in the case of omitted trailing positional parameters. 


The following examples are provided to aid the user in coding the positional parameter formats used in this manual. 
The coding possibilities do not necessarily reflect all the coding options that may be used. 


a Optional positional parameters within a series of required parameters 
Format: 


A,B,[C] ,D,E 


Coding possibilities: 


A,B,C,D,.E 


beets Pee rie pe ee pe he a ls hg fg ee Pe Pg 





poy gb ee a eg ee Pg i 


foot L | See ane See Lode oi, on Son oe 9 


pe Ee atk: Goat ee here tone 





Pom ones Wee | 





FO One hs ae cc VE CO ee 
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Format: 


"x A,B,[C] ,[D],E 


Coding possibilities: 


(Bs Ci Py Ej 


Pav iat i Pe ba tb tt 


























Fe a Se Oe ee Oe GD Oe SO OS OS OG OO 








tse pe ee eg oe ae 





Format: 
[A] ,(B],C,D 


Coding possibilities: 
































P c,,D 
> B, > + oF ae ome fo sfocy i ee Sr PRs ae See eae pe i Seen Se | 
: | i I i 2 oi i) oF £ hi L H A 
ee i i ie Oa se i 
? B, Cc d D ica, i ; ! j i ; to F i I 
f Lt i : Li : be Pots eae i 
1 1 \ Fe ne ee SO Oe WO 
7? Cc »D i bo 
pO ee a ee Pe re a eg 
Ar»C.D AE eee ee ae eee ere ee ges 
eRe SER Set Sere) Ls. de 7 On ea oe 1 ae Coe id ae 
a Optional positional parameters at the end of a series of required parameters 
Format: 
A,B[,C] 
Coding possibilities: 
Fo tale ae cy a cee jeep ef ee ag Pope La La 
aes ae ee Ee i ci comme Ree as | =i: i eeu ann ee pa ae 
pia L L Pa Samed Sikes SO! ts ORME COPa fe SSR es Sm OI i | oe “4 
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Format: 


A,BI,C] [,D] 


Coding possibilities: 


























a Optional positional parameters within a series and at the end of a series of required parameters 
Format: 
A,B,[C] ,D,E[,F) 
Coding possibilities: 


A,B,C,D,E,\F i i i pirate pi ba 


{ : ! i 


ABC Ps Eo gis os Ste? 4 eee Soe PT eh Pas ee Le ae 






ii i 
i i 








piece tee i it tere tii 


Format: 
A,B,[C] ,{D] ,E[,F] 


Coding possibilities: 








20 Yc AN wc ed OC el ER il TS tO OG Oe eT 








FOR son Fe CT ON Waco! COUN OM! He a LO (OE 













SOEs Ps PRS RI ees Coe See ee Se Vrms PY es Wer Pt Td VS ORE SPR, Ye SNOT TOY OOS eT os (VOM ST Loy Da OR AT Cy Oe GR OC 


roE | i 


GU ce oe Phe RP poe ho et a e Poe e ee e d 





aol ee Nod foe ee abr i te ee ee yy 





F + t f 
Lae. D. rE CTE a ce TS TT VRE OO a Am PP 
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1.4.2. Keyword Parameters 


A keyword parameter consists of a word or character immediately followed by an equal sign, which is, in turn, 
followed by a specification. Commas are required only to separate keyword parameters and need not be retained to 
indicate the omission of a keyword parameter. In the format presentation of this manual, all required keyword 
parameters are shown first, followed by the optional keyword parameters. In coding, they may be specified in any 
order desired. 


The initial keyword specified in the operand field is always coded without its associated comma. However, each 
succeeding keyword parameter specified must be preceded by a comma. A comma is never used to begin the coding 
specified in the operand field when keyword parameters are the only type of parameter specified in a statement. 
Beginning a line of coding with a comma is applicable only when an optional positional parameter is defined as the 
initial parameter of the coding. See 1.4.1. 


The following examples are provided to aid the user in coding the keyword parameter formats used in this manual. 
The coding possibilities do not necessarily reflect all the coding options that may be used. 


a All keyword parameters required 


Format: 


ABC=nn,XYZ= . \ 


Coding possibilities: 


ABC = ae XYZ=1 








Estes Ae ttt see Baer: d Cosine Se es Oa et St Wess to eee: ele 
XVZ=2 2, ABC=nn eee Sore Sees ares 
s Combination of required and optional keyword parameters 
Format: 
ARM=HAND[,LEG=FOOT] [ sHeap- { NOSE \] 
Coding possibilities: 
|ARM=HAND ,LEG=FDOT,HEAD=EYE =, og... iy, 
ia ee Be ia tee ead ea et oe ae Sr We Ke oe Va Ces 
LEACEBRRA ARM? =HAND, HEAD. NOSE eee ee ert Tee 
ci ks USS ter Set Oe ie Me as ON a wae COU Co es SR 


HEAD=EYE , LEG= “FOBT, YARM= =HAND 








err HAND | L EG- -EDOT | ah Joos ‘ =o aban Pact odt 3 on aes ee een 


eS IA GREE <A Me OMe Ca AORN ees OM Ci Oe SMR! CRM es TEM PRN NR TOW SOs Nees EVRY Rae PRs Mr! RY VeRO 


tis 
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a All optional keyword parameters 
Format: 
[PAPER=WOOD] [,GLASS=SAND] 


Coding possibilities: 


Of) a as excl ee ee od Fe eves Ele Cate ae Ca a ne as OO Cle CO el 








ieee Ay: ia Epes Cr es a a ea eR OD Pe ee 


ean 
Lasse - SAND, PAPER = WOOD 





' , : 
Foe SOD ced Se: eke GENCE OR GOR Sart ORO IE A ROE NOIR SAR COE: GOS WA SPR GN 








9s es Ve OO Ce Ue rT Sn A YW RCAC A OTs CT ONC My SC aT He PCO Te a 














a eee a ee a ee ee ie pl 
GLAS S75: =SAr ND poh a ec ge ie ee eo eT gee, 








1.4.3. Combination of Positional Parameters and Keyword Parameters 
When positional parameters and keyword parameters are used in the same statement, the keyword parameter must 
follow the last specified positional parameter. When a positional parameter within a series of parameters is omitted, 


the associated comma must be retained to indicate its omission. When a trailing positional parameter is omitted, its 
associated comma is also omitted, except when followed by a keyword parameter. 


a Ail parameters required 


Format: 


_ {YES _ { HAPPY 
TOY,BROKE= 4 6 \ co={ oe \ 


Coding possibilities: 


mie Sivrac CCR eam Cee 


TOY, BROKE =, S,¢ HI LD= SAD erat 











SPR Lie Gel ARNG as ces POPs OR DCO PH os CO eee en noe 


a Required and optional parameters 


Format: 


_ {YES _f YES _S YES 
DOGI,C] LAILTL FIGHT { XE i [.rree-{*6 \ ][ catcn eee \] 
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Coding possibilities: 





: ews tos ree ame Oot | 


os eae ee er Le) Comes Es Or 










et Sie Gee eee om [ee cor roa es Seem eaten ba a ge eee See peo ies ae = book toot. : ees 


Got RECHT VES, CATICH = Yee. TREES Ne 










ot eae rane es tens Nee Rat es ane ree ater | 





Bled Waters Vas dee oaks (ae ee es Le Gh Veaaes Ser i eet ae Ls a a [eet ed ne Mincch Sclisced 


DG, ,,,T, TREE = YES FIGHT: NO, 














= fob te eg ee fa. IO on Te tener Sg 
0G, F IGHT= NO. jee do ot eel oe Ee ee Pp ie 
Stetina ee ee eg ee as he Pe 


OG) Fi I G H 1 T= YE ‘Ss ic VATCH= YES eae be Reins nes oe pet. fo opel is oo jbo ie 


snd 





a Keyword parameters acting as positional parameters 


In some instances, an optional keyword parameter performs the same function as a positional parameter, and 
is treated as a positional parameter in both presentation and coding (i.e., the comma is shown as being outside 
the bracket; when the keyword parameter is not selected, the comma must be used to show its omission). The 
second parameter in the following format is a keyword acting as a positional parameter; [,D=E] and [,Q=T] 
are keyword parameters. 


Format: 


,b,c[,D=E] [,Q=T] 


ay 
fl 
ooo 


Coding possibilities: 








t 


f 


ese CORR Cees et oe Cars Se ed ee ee 


1.4.4. Subparameters 


Parameters enclosed in parentheses and separated by commas are called subparameters. The parentheses must be 
shown to delimit the series of subparameters, and to prevent the commas from being interpreted as parameter 
separators. Subparameters follow the same conventions as those for positional and keyword parameters. 





7936 Rev. 1 SPERRY UNIVAC Operating System/4 yexA 


UP-NUMBER PAGE REVISION PAGE 


1.4.5. Default Options 
Underlined parameters are selected automatically when a keyword parameter or subparameter is omitted. 


Examples: 
time 
500 


YES 
NO 
93 
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2. Assembly Language 


2.1. CHARACTER SET 


The assembly language character sets used in writing statements for the SPERRY UNIVAC Operating System/4 
(OS/4) are: 


a Letters: 
A through Z 
s Special Letters: 
27$#@ 
s Digits: 
0 through 9 
a Special Characters: 
+—+«/,=blank().><&’' 


The characters ?, $, #, and @ are considered to be special letters because they may be written as one of the 
characters in a symbol. 


In the description of instructions, the following specific definition terms are used: 
a Alphabetic — a character of the letter or special letter set; 
a Numeric — a character of the digit set; and 


a Alphanumeric — a character of the letter, special letter, or digit set. 


2.2. STATEMENT FORMAT 


Statements in the OS/4 assembly language are written on the assembler coding form (Figure 2—1). Statements and 
comments are generally written in columns 1 through 71. Column 72 is used to indicate continuation. Statements 
are continued in column 16 of the following card. Columns 73 through 80 may contain program identification and 
sequencing information. This format may be altered by the input format control (ICTL) assembler directive 
(12.7.1). 
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Figure 2—1. Assembler Coding Form 


Although assembly language is written in free form, it is recommended that source code statements be written with 
the first character of the operation code in column 10 and the first character of the operand field in column 16. 
Tabulating the statements in this fashion creates a listing which is neater and easier to read. The rules governing the 
writing of free form assembler statements are discussed in 2.2.6. 


2.2.1. Label Field 


The optional label field may contain a symbol for which a value is to be defined. The label field must begin in 
column 1 of the coding form and is terminated by a blank column. A blank in column 1 is interpreted as indicating 
the absence of this field. 


2.2.2. Operation Field 


The operation field begins with the first nonblank character after the label field and is terminated by a blank. 

Embedded blanks are not permitted. The operation field contains the mnemonic operation code for a machine ee 
instruction, the name of an assembler directive, or the name of a previously defined macro instruction. The 

operation code must be written exactly as specified in the assembler instruction or directive format description. 


2.2.3. Operand Field 


The operand field begins with the first nonblank column after the operation field and is terminated by a blank not 
contained in a character constant representation, character self-defining term, or character expression. This field may 
contain data and/or information used by the machine instructions or assembler directives, or parameters completing 
the specification of the procedure reference. An operand of a source line statement may not terminate in column 71 
unless a continuation is called for (in which case column 72 is not blank). Column 72 cannot be used for coding or 
as the terminating blank of the operand field. 


2.2.4. Comments Field 


The comments field for a statement begins with the column following the blank column that terminates the operand 
field and it ends at column 71. It may contain any combination of characters including blanks. It is not processed by 
the assembler other than to include it on the assembly listing. It may contain remarks to clarify the purpose or 
Operation of the associated coding. 


Lines may consist entirely of comments from columns 2 through 71 if column 1 contains an asterisk. Comments 
written on an instruction line may not be continued and must terminate on or before column 71. 
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2.2.5. Continuation 


“ee 

if a nonblank character is entered in column 72, the operand field of the current source code line may be continued 

beginning in column 16 of the following line. Column 72 is the normal continuation column and column 16 is the 

normal continue column; however, these can be altered by using the {CTL directive described in 12.7.1. Continued 
lines are regrouped when listed on the line printer. 

2.2.6. Statements in Free Format 

Statements may be written in free format disregarding the standard form, providing the following rules are observed: 

a The label field must start in the begin column, as specified by the ICTL directive. 

a lf the label field is omitted, the operation field must begin at least one column to the right of the begin 
column. 

a The label and operation fields must appear in the first line of the statement. 

a A field must be terminated by at least one blank. 

a As in normal form, neither the label nor the operation field may contain embedded blanks. The blank is 
always used as a delimiter to terminate a field. The operand field can contain blanks within a valid character 
string. 

a The entries must appear in normal sequence: label, operation code, operand, comments. 

ee a An entry may not extend beyond statement boundaries. 

2.3. TERMS 

Terms are representations of values. The assembler recognizes five classes of terms: 

a Self-defining terms 

a Literals 

Ls Symbols 

c] Location counter references 

a Attribute references 

Self-defining terms are fixed values coded by the programmer. Literals can have their value specified by the 

programmer or computed by the assembler. Symbols, location counter references, and attribute references are 

assigned values by the assembler. 

2.3.1. Self-Defining Terms 

Self-defining terms (SDT) represent fixed values. These representations are not relocatable and are used to specify 

immediate data, registers, addresses, and masks in machine instructions. The representation can also be used to 

specify values in directive operands or in expressions. Restrictions on the size of SDT’s depend on where they are 
ee 


used. When SDT’s are used to designate a register, the value cannot exceed 15. The representation of an address must 
not have a value greater than the total size of storage. After conversion to a binary format, the value is truncated or 
filled with nonsignificant 0’s to fit the designated field. SDT’s can be represented in binary, hexadecimal, decimal, or 
character form. A description of each type of representation follows. 
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2.3.1.1. Binary Representation 


A binary representation consists of a series of up to 24 zeros and ones enclosed in apostrophes and preceded by the 
letter B. The bit pattern is stored as specified with high order 0’s added when necessary. The following are valid 
binary representations: 





Binary Representation Binary Value 
B‘10011’ 00010011 
B‘11’ 00000011 
B‘'101101000101’ 00001011 01000101 


2.3.1.2. Hexadecimal Representation 


A hexadecimal representation consists of up to six hexadecimal! digits enclosed in apostrophes and preceded by the 
letter X. This representation is used primarily to convey binary or bit-pattern information to the system. Each 
hexadecimal digit represents a half byte of information. The hexadecimal digits and their values are: 


0 — 0000 8 — 1000 
1 — 0001 9 — 1001 
2 — 0010 A— 1010 
3—0011 B— 1011 
4 —0100 Cc — 1100 
5 — 0101 D—1101 
6 — 0110 E—1110 
7 —0111 F-—1111 


Examples of hexadecimal representations and the binary values they produce are: 





Hexadecimal Representation Binary Value 
X’D’ 00001101 
X‘101' 00000001 00000001 
X‘7T FFF’ 01111111 111111711 
X‘ABC’ 00001010 10111100 


X‘F1F2’ 11110001 11110010 
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2.3.1.3. Decimal Representation 


A decimal number may be used to specify directly to the assembler a value that will be converted to a binary value 
or other bit configuration. The decimal number may consist of up to eight digits, O through 9, forming a decimal 
number, 0 through 16,777,215. This number is converted to a binary value occupying one or more bytes depending 
on the type of field for which it is intended. Decimal numbers and the binary values they produce are: 





Decimal Representation Binary Value 
0 00000000 
1 00000001 
15 00001111 
257 00000001 00000001 
00013 00000000 00001101 
32767 01111111 11111111 


2.3.1.4. Character Representation 


A character representation consists of up to three characters of the 256 valid characters; however, only 63 of the 
256 valid characters are printable. The characters must be enclosed in apostrophes and preceded by the letter C. 
Each ampersand or apostrophe to be included in a character representation is represented by a double ampersand or 
double apostrophe, respectively. In this case, there may be more than three characters within the apostrophes which 
delimit the character representation. 


The character representation is used to specify immediate data or binary bit patterns. Character representations and 
their values are: 





Character Representation Binary Value 
C’D’ 11000100 
C’NOT’ 11010101 11010110 11100011 
c’9' 11111001 
C'RR 01111101 01010000 01111101 


2.3.2. Literals 


A literal is a representation of data which is replaced by the storage address of the actual data. When the assembler 
recognizes a literal in the source code, it searches the table of literals that have been previously encountered. If a 
duplicate is found, then the relocatable address of the literal in the table replaces the original literal in the source code. If 
a duplicate is not found, then the value of the original literal isentered into the table and its address replaces the source 
code specification. Literals are similar in form to the operands of DC and DS statements. A more detailed description of 
literals is givenin 11.5. 
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A literal may be used in any machine instruction that specifes a main storage address and must appear as the complete 
operand specification. However, the literal may not be specified as the receiving field operand of an instruction that 
modifies main storage, in address constants, shift instructions, input/output instructions, nor combined with other 
terms or with an explicit base register specification. 


2.3.3. Symbols 


A symbol is a group of up to eight alphanumeric characters. The first, or leftmost, character must be alphabetic. Special 
characters or blanks may not be contained within asymbol. Examples of valid symbols are: 


Vv CARDAREA 
GS279 RSINTRN 
BOB BD#4 


Not valid symbols for the reasons stated are: 


READ ONE Embedded blank 
SPEC’L Special character 
6AGN First character not alphabetic 


Asymbol may be more than eight characters long; however, only the first eight characters are analyzed by the assembler. 
If the first eight characters of any two symbols are identical, they are considered to be identical symbols regardless of 
following characters. — 


The assembler associates three attributes with each symbol it processes: value, length, and relocatability. Symbols 
defined by the EQU directive adopt the attributes of the expression in the operand field of the statement. 


2.3.3.1. Value Attribute 


A symbol is assigned a value, or defined, when it appears in the label field of any source code statement other than a 
comment. A symbol appearing in the label field of an EQU or ORG directive is assigned the value of the expression in the 
operand field. In all other cases the value assigned is the current value of the location counter after the adjustment to a 
half-word boundary, if necessary. The value is assigned to the current label before the location counter is incremented 
for the next instruction, constant, or storage definition. Thus, if a symbol appears in the label field of a statement 
defining an instruction, constant, or storage area, the symbol is assigned a value equal to the storage area address of that 
instruction, constant, or storage area. 


2.3.3.2. Length Attribute 


The length attribute of a symbol is the number of bytes assigned to the instruction, constant, or storage area 
involved. For example, the label of a 2-byte instruction has a length attribute of 2 and the label of a DS statement 
reserving 50 words (four bytes per word) would have a length attribute of 4. Symbols equated to location counter 
references and/or absolute value representations usually have a length attribute of 1. 


The maximum length attribute that can be generated by the assembler is 256 bytes; however, a DS may be used to 
reserve more than 256 bytes of storage. 
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2.3.3.3. Relocatability Attribute 


A symbol may either be absolute or relocatable. Values which are assigned to symbols defined in the label field of a 
source code line representing an instruction, constant, or storage definition, are relocatable. A relocatable symbol isa 
symbol! whose value would change by a given number of bytes if the program in which it appears is relocated the same 
number of bytes from its originally assigned address. Relocatable symbols are assigned values relative to the location 
counter. Decimal, character, binary, and hexadecimal representations are all absolute terms and have a relocation 
attribute of 0. 


2.3.4. Location Counter References 


A location counter is maintained by the assembler for each control section created by the programmer. Each counter 
contains the next available location for the associated contro! section. After the assembler processes an instruction or 
constant, it adds the length of the instruction or constant processed to the current location counter. 


Each instruction or address constant must have an address which is a multiple of two bytes. This type of address is said to 
fall on a half-word boundary. If the value of the location counter is not a multiple of 2 when assembling such a constant 
or instruction, a 1 is added to the location counter before assigning an address to the current statement. Storage 
locations bypassed in this way receive binary 0’s when the program is loaded. 


The current value of the location counter, under which the program is currently being assembled, is available for 
reference by the programmer. It is represented by the special character « (asterisk). If the asterisk is written in a constant 
representation or in an instruction operand expression, this character is replaced by the storage address of the leftmost 
byte allocated to that instruction or constant. Thus, in the following example the instruction generates an object code 
instruction with the address of the MVC instruction as Operand 2. When executed, the MVC instruction will be 
transferred to a 6-byte area labeled ADDR. 


Example: 






OPERAND 












DDR.C:6. 2: *. ae oe me 


em a ia er scoot ot oe a ee ae a Ekg 





An instruction may address data or other instructions in its immediate vicinity in terms of its own storage address. 
This is one kind of relative addressing and it is achieved by an expression of the form «+n or *n where n is the 
difference in storage addresses of the referring instruction and the instruction or data being accessed. Relative 
addressing is always in terms of bytes and not in terms of words or instructions. 


2.3.5. Attribute References 
References to symbol attributes assigned by the assembler are treated as terms. 


a Length 


The length attribute of a symbol may be referenced (2.3.3.2) by writing L’ followed by the symbol. Thus, if the 
symbol STOREND is the name of a full-word field, 


L’STOREND 
would be considered a term and it would have a value of 4. 


The length attribute is not available during conditional assembly processing. Specifically, a paraform (13.3.1.1) may 
not be a length attribute if it will be on a “DO” line of the procedure definition. 
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Number 


The number attribute is only valid for paraforms (13.3.1.1) associated with procedure definitions. The attribute 
refers to the number of items within the list or sublist specified by the paraform. A reference may be made toa 
number attribute by writing N’ followed by the paraform. The reference is replaced by the number of elements. 


For example, to obtain the total number of positional parameters associated with the parameter named LST, the 
following would be coded in the procedure definition: 


N’LST 


If positional parameter 1 of LST was a sublist, it would be possible to determine the number of items in the sublist 
by coding: 


N’LST(1) 


Also, if a keyword parameter, KEY, is equated toa sublist on a procedure definition call line, then the number of 
items in the sublist can be determined by coding: 


N'KEY 


2.4. OPERATORS AND EVALUATION 


There are 12 operators in the OS/4 assembler which designate the method, and implicitly the sequence, to be employed 
in combining terms or expressions (Table 2—1). Blanks are not permitted within an expression. Evaluation of an 
expression begins with the substitution of values for each term. The operations are then performed from left to right in 
hierachical order as listed in Table 2—1. The operation with the highest hierarchy number is performed first; operations 
with the same hierarchy number are performed from left to right. Parentheses may be used to alter the order of 
evaluation. Division by 0 equals 0. The 12 operators are divided into three classes: arithmetic operators, logical 
Operators, and relational operators. More detailed descriptions of these operators are provided in the following 
paragraphs. 


Table 2—1. Summary of Operators 


Arithmetic Operators A*/B is equivalent to A«2 
Covered quotient, A//B is equivalent to (A+B—1)/B 
A/B means arithmetic quotient of A and B 
A*B means arithmetic product of A and B 
A-—B means arithmetic difference of A and B 
A+B means arithmetic sum of A and B 
Logical Operators A**B means Logical Product AND of A and B 
A++B means Logical Sum OR of A and B 
A-—-—B means Logical Difference XOR or A and B 
Relational Operators A=B has value 1 if true; has value O if false 


A>B has value 1 if true; has value O if false 


A<B has value 1 if true; has value O if faise 
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2.4.1. Arithmetic Operators 


The symbols +, —,«,/, //, and */ represent the six arithmetic operators. The intrinsic meanings of +,—,*, and / are the 
usual ones; that is, + indicates addition, — indicates subtraction, « indicates multiplication, and / indicates binary 
division. 


The operator // denotes a covered quotient where A//B is equivalent to (A+B—1)/B. A covered quotient is equal to 
regular binary division except that if there is a remainder, a 1 is added to the regular quotient. 


The operator */ denotes a binary shift left or right, A*/B indicates a left shift and is equivalent to A+28, A*/(—B) 
indicates a right shift and is equivalent to A/2~8. 

2.4.2. Logical Operators 

The symbols **, ++, and —— are the three logical operators. The characters ** represent the logical product (AND), 
the characters ++ represent the logical sum (OR), and the characters —— represent the logical difference (exclusive 


OR). 


Each bit of the first term is compared with its corresponding bit in the second term and the result of the comparison is 
placed in the corresponding position in the resulting term. The result of the bit comparison for each operator is: 


2.4.3. Relational Operators 




















1 #1 
1 #O 
Qo. (1 
o 60 


The three relational operators are the equals operator (=), the greater than operator (>), and the less than operator (<). 


The equals operator is used to compare the value of two terms or expressions. If the two values are equal, the assembler 
assigns a value of 1 to the expression; otherwise, a value of 0 is assigned. 


The greater than operator makes a comparison between two terms or expressions. If the value of the first (left) term is 
greater than the value of the second (right) term, then a value of 1 is assigned to the expression; otherwise, a value of 0 is 
assigned. 


The less than operator compares the value of the first (left) expression or term with the second (right) expression. If the 
value of the first expression is less than the value of the second one, then a value of 1 is assigned to the expression; 
otherwise, a value of 0 is assigned. 


For the expression A+B>C, if the expression A+B has a value greater than the value of C, then the assembler assigns a 
value of 1 to the expression; otherwise, a value of O is assigned. 
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2.5. EXPRESSIONS 

An expression consists of one or more terms connected by operators. A leading minus sign is allowed to produce the 

negative of the first term. 

Two types of expressions, absolute and relocatable, possess various characteristics obtained from the term or terms 

which compose them. These two types of expressions are discussed in the following paragraphs. 

2.5.1, Absolute Expression 

An absolute expression is an expression whose value is unchanged by program relocation. The absolute expression can 

be an absolute term or any combination of absolute terms. Arthmetic operators are permitted between absolute terms. 

Relocatable terms alone or relocatable terms in combination with absolute terms can be contained within an absolute 

expression. This type of absolute expression requires the following conditions: 

a The relocatable terms must be paired in even numbers. 

Each pair of relocatable terms must have opposite signs and have the same relocatability attribute (that is, appear 
in the same control section). However, the paired relocatable terms need not be contiguous. 

a If a relocatable term in the absolute expression enters into a multiply or divide operation, an error flag is given and 
the result is treated as absolute (except multiplication and division by absolute 1). Therefore, R-R«A is flagged 
and R «A is treated as absolute. Multiplication by absolute 0 is absolute 0, 

The effect of relocation is canceled by the pairing of relocatable terms with the same relocatable attribute and opposite 

signs. The absolute expression is thereby reduced to a single absolute value. ae 


The following are examples of absolute expressions: 


A 

A+tA—-A 
A-—A+A+A 
R+A—R 
R—RtA 
(R—R)*A 
A*A 


where: 
Ais an absolute term. 


R isarelocatable term. 


2.5.2. Relocatable Expressions 


A relocatable expression is an expression whose value changes with program relocation. All relocatable expressions must 
be a positive value. All arithmetic operators are permitted between the relocatable terms. 


Relocatable terms alone or relocatable terms in combination with absolute terms can be contained within a relocatable 
expression. Either type of relocatable expression requires the conditions: 
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a An odd number of relocatable terms is necessary. 


a All but one relocatable term must be paired. 

] A minus sign must not precede the unpaired (remaining) relocatable term. 

2 Each pair of relocatable terms must have opposite signs and the same relocatability attribute. 
a The paired relocatable terms do not have to be contiguous. 


a Multiplication and division of a relocatable term by an absolute 1 or multiplication of an absolute 1 by a 
relocatable term produces a relocatable expression. 


Using the above requirements, a relocatable expression is thereby reduced to a single relocatable expression. The 
following are examples of relocable expressions: 


R 
R+AorA+R 
R—R+R 
R—R+A+R 
R-A 
R*1or1*B 


where: 


Ais an absolute term. 
R isa relocatable term. 


An expression may be negatively relocatable only under certain circumstances (11.8.2). Such an expression consists of 
either an absolute term minus a relocatable term or an expression that can be reordered to that form as: 


A-R 
A—R—-R+R 
R—R+A—R 


where: 


Ais an absolute term. 
R isarelocatable term. 


Any expression that does not conform to the rules discussed in this section is flagged. Also, the result of invalid pairing 
of terms is treated as an absolute term. 


2.5.3. Length Attribute of Expressions 


The length attribute of an expression is determined by the assembler and is a function of the leading term of the 
expression. If the first term of an expression is an absolute value, a length attribute of one byte is assigned to the 
expression. If the leading term is a symbol, the number of bytes attributed to the expression is the same as the length 
attributed to the symbol. Thus, if TAG appears in the label field of an LH (load-half- word) instruction, it would havea 
length attribute of 4 since LH is a 4-byte instruction. In referencing the same label, the expression TAG+195 also hasa 
length attribute of 4, but the expression 195+TAG has a length attribute of 1 because the leading term is a decimal 
self-defining term. 










2-12 


PAGE 


7935 Rev. 1 
UP-NUMBER 


SPERRY UNIVAC Operating System/4 









PAGE REVISION 


2.5.4. Character Expressions 


A character expression is either a character string, a character substring, or a concatenation of strings and/or substrings. 
Character expressions are used mainly to specify set symbol values for replacement in source code statements (12.8.1). 
They can also appear in arithmetic expressions as terms used by relational operators. All arithmetic values are considered 
to be greater in value than any character string and any character string is considered to be greater in value than any 
shorter character string. Where character expressions appear in arithmetic expressions as terms for operations other than 
the relational operators, they are flagged and treated as 0's. 


a Character Strings 
A character string is zero, one, or more of the 256 valid characters enclosed by apostrophes. A character string 
differs from a character absolute value representation in that the character absolute value representation is 
converted to and treated as a binary value. A character string is not treated as a value. Character strings can be up 
to 127 characters in length. Apostrophes within the string must appear as pairs of successive apostrophes. 
Ampersands must appear as pairs of ampersands. 


] Substring Representation 


A character substring is a valid character string followed immediately by two unsigned decimal numbers which are 
separated by a comma and enclosed in parentheses. The format is: 


character-string(n, No) 


The first number (n,) indicates the leftmost character of the original string which is to be included in the 
substring. The second number (n.) represents the number of characters to be included in the substring. 


For example: 

‘PREDEFINED (4,6) 
represents the same string of characters as does 

‘DEFINE’ 

a Concatenation 

Concatenation is the joining together of two character strings, two character substrings, or a character string anda 
character substring. A period is used to designate concatenation that results in the formation of a single string of 
characters. The characters of the second string or substring are placed immediately following the characters of the 
first term in the construction of the resultant string. The following example shows concatenation: 


‘PRE’.‘DEFINE’ produces PREDEFINE 


When a substring is to be concatenated with a following character string, the period may be omitted and 
concatenation is assumed. 
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2.5.5. Basic Expressions 


A basic expression consists of one or more basic terms connected by operators. Basic expressions are used to specify 
information for certain directives. 


The following are basic terms: 

a Self-defining terms (SDT) 

7 Symbols defined by SET directives (set symbols) 

a Character expressions 

| Number attribute references 

a Parameter reference forms (paraforms) 

All the operators used by the OS/4 assembler are valid; the rules for expression evaluation are the same as with normal 


expressions; and parentheses may be used for grouping. Division by O equals 0. Blanks are not permitted in the 
expression except within a defined character string or substring. All terms must be predefined. 
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3. Introduction to Instructions 


3.1. INSTRUCTION TYPES AND FORMATS 


The normal mode of operation for program run under the control the SPERRY UNIVAC Operating System/4 
(OS/4) is the 9400/9480 compatible mode; therefore, the descriptions of the instructions in this manual reflect this 
mode of operation. 


An instruction is an executable statement for operations involving data. The instructions for the OS/4 are divided 
into five types according to the operation specified by the instruction. The instructions are of three lengths: two, 
four, or six bytes. In a 2-byte, or half-word instruction, the general registers are referenced for both operands. A 
4-byte instruction references main storage for one operand, and the general registers or immediate data for the other 
operands. A 6-byte instruction references main storage for both operands. Each instruction is aligned by the 
assembler on a half-word boundary; that is, each has an even address. The five instruction types are: 


RR 


RX 


RS 


SI 


Ss 


register to register operation, requiring two bytes of main storage. 
register and indexed storage operation, requiring four bytes of main storage. 
register and storage operation, requiring four bytes of main storage. 


storage and immediate operand (one contained in the instruction) operation, requiring four bytes of 
main storage. Only self-defining terms may be used as immediate operands. 


main storage to main storage operation, requiring six bytes of storage. The SS instruction format is used for 
packed decimal arithmetic (maximum operand length is 16 bytes) and for byte-by-byte processing of data 
(maximum operand length is 256 bytes). 


The basic formats for instruction are shown in Figure 3—1 in source code and object code form. 


Table 3—1 defines the abbreviations used in the description of instructions. 
















































































































Object Code Instruction Format 
Instruction Source Code z 
Type Instruction Format First Half Word Second Half Word Third Half Word 
Byte 1 Byte 2 Bytes 3 and 4 Bytes 5 and 6 
114512 
\ | 
i 
i 
RR [symbol] opcode r,.r, @ | 
opcode | 
i | 
REG ADDRESS | 
OP 1 ! OPERAND 2 
RX [symbol] opcode r,,d_{x,,b,) H 1 Seen | 
opcode [ ry Xo b, d, 
I ! | 
; t REG REG | AODRESS | 
® ! 1 OP 1 OP 3 I OPERAND 2 \ 
RS {symbol] opcode i 3.0, (b,) , an sel ; 
opcode y vs | b, | d, 
is eat A a IS eS 
‘ 1 
IMME DIATE H ADDRESS 
OPERAND OPERAND 1 
SI [symbol] opcode i,,d, (b,) © \ ee Se l 
opcode in : b, : q, 
I | I i 
| LENGTH : ADDRESS ! ADDRESS 
j OP 1 and OP 2 i OPERAND 1 ! OPERAND 2 
[symbol] opcode d, (I,b,),d,(b,) =a Paes | \ 
ic opcode [ 1-1 
= t l 
' i] : 
H t LENGTH | ADDRESS | ADDRESS 
1 1 0 ' OPERAND 1 | OPERAND 2 
[symbol] opcode d, (I,.b,).dj(Ij.b,) 1 Wed, rate ate Seoul 
opcode Ij-t b, qd, b, a, 
12 15 116 19 120 31 32 35 136 
NOTES: 
oO The RR instruction has two other forms: Q@) The RS shift instructions are written without use of the r3 operand, in the form: 


[symbo!] opcode i, for the SVC and SRF instruction [symbol] opcode r, ,dz{(bo) 


{symbo!] opcode r, for the SPM instruction 


[symbol] opcode d, (b,) 


Figure 3—1. Instruction Formats 


nn 
ae 


8) Some SI instructions, such as HIO and TiO, do not use an iz field. They are written in the form: 
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Table 3—1. Abbreviations Used in Descriptions of Instructions 





ee 
a 
ee ce 
es 
a 
ee 
[a Setar ini ied ete ae 
aaa 
a 
aa 
ees 
a 
aes 





eT 


a 
a 
a 
[eerie 
ee ce 
a eee 


Number of the general register which holds an index number for operand 
2 of an RX instruction 






3.2. OPERAND ADDRESSING 
Operands may be located in three places: 
s contained in the instruction; 

. stored in the operating registers; or 


s in main storage. 
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No address is needed for an operand which is part of the instruction, that is, an immediate operand. When operands are 
located in the register set, the register is addressed by using a 1-digit value. However, operands in main storage must be 
addressed by a main storage address, the formation of which is explained in the following paragraphs. 


Instructions which access operands from main storage have two operand specification fields: 


4 bits 12 bits 
The b (base) field of the operand designates a general purpose register. The value contained in this register represents the 
base address. The 12 bits of the d (displacement) field contain the displacement. The base address and the displacement 


are added to obtain the effective address of the operand. 


The RX instructions use three fields to specify the operand address : 





4 bits 4 bits 42 bits 
An example of this addressing follows: 


Opcode 


", Xo b qd, 
7 5 100 
7 12 1516 19/20 31 


This is the object code format of a store instruction; operand 1 is stored in the effective address of operand 2. The 
contents of base register 5, the displacement value 100, and the contents of index register 7 are added to obtain the 
effective address into which the contents of register 4 are stored. Each register requires 32 bits or 4 bytes of main 
storage. 





This example assumes that the flags in the relocation register pertaining to the destination operand are 0. 


Before execution: 


Contents of register 4 3216 
Contents of register 5 48.16 
Contents of register 7 5246 
Contents of main storage locations 1001, 


19A through 19D, right justified 
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After execution: 
Contents of the registers are unchanged 
Effective address is 48 +100 +52=19A,¢ 


Contents of main storage locations 3216 
19A through 19D, right justified 


Where an operand is described in terms of a main storage address and a length, the expression used can be simplified from 
that shown in the instruction format by implying the base register or length. Information supplied in the USING and 
DROP directives enables the assembler to separate a main storage address into a base register and a displacement (12.4). 
Table 3—2 lists the complete specification for the operand referencing main storage, applicable instruction types, and 
the operand format as it can be written utilizing an implied base register or length representation. 


Table 3—2. Operand Specification Using Implied Base Register, Implied Length, or No Index Register 


Complete Operand Specification Using 
Applicable 


Specification 
; Implied Length Implied Base Register 
for One 
Operand lene aaa or No Index and Implied Length 
sciaeil Register* or No Index Register* 


Instruction 
Type 


4 

"2 
do(x5,b>) 
do(b>) 


d,(b,) 


d,(I,b,) 


dbo) 
d,(14,b4) 


do(l>,b5) 





* The index register cannot be implied. If used, it must be specified as part of the operand. 


LEGEND: 


NA Not applicable 
84 = Symbolic expression — operand 1 
So Symbolic expression — operand 2 


3.2.1. Implied Length 


The implied length of an instruction operand is only applicable to the SS instructions. To imply a length, the 
programmer specifies no length for the operand. The assembler automatically assembles the length attribute of the first 
operand into the length field of the instruction. The length attribute of an operand is the length attribute of the 
expression which is used to define the storage location. The length attribute of an expression is equal to the length 
attribute of its first term; the length of a self-defining term is 1. 
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Some SS instructions contain two length fields (one for each operand), of which one or both can be implied. In either 
case, the assembler puts the operand length in the length field. 


The following instructions are examples of using the implied length feature of the assembler: 


a To move 80 characters from a field labeled OP2 (operand 2) defined asa 90-character field to a field labeled OP1 
(operand 1) defined as an 80-character field, the instruction is written: 


MVC OP1,0P2 


In the above instruction, the length attribute of OP1 was used. In the following example, 80 characters are still 
moved from OP2 to OP1 but the length is explicitly stated: 


MVC OP1(80),OP2 


s If all 90 characters of OP2 are to be moved to OP1, which is defined as 80 characters in length, the instruction 
would be written with an explicit length so that the length attribute of OP1 is not used. 


The instruction is written: 


MVC OP1(90),OP2 


3.2.2. Implied Base Registers 


Information supplied in the USING and DROP directives (12.4) enables the assembler to separate a main storage address 
into a base register and a displacement value. 


The assembler maintains a USING table of the available registers and the values they are to contain at object time. A 
USING directive adds a register and a value to the USING table or revises the value for a register already in the table. A 
DROP directive removes a register and its associated value from the USING table. If the operands of a USING and DROP 
directive are not valid, that line of the listing is flagged with an error indication. 


If an operand address is given as an effective address instead of a base register and displacement specification, the 
assembler searches the USING table for a value which yields a valid displacement (a value from 0 through 4095) and has 
the same relocatability attribute. If there is more than one valid displacement value, the vatue which yields the smallest 
displacement is used. If more than one register contains a value which yields the smallest displacement, the highest 
numbered register is selected. If no register can be found which yields a valid displacement, the field is set to 0 and the 
statement is flagged with an error indication. An absolute address without a base register indication is treated as an 
effective address and the assembler attempts to convert it into a base register and a displacement value. 


The specification of a USING directive indicates that one or more general registers are available for use as base registers. 
The USING directive operands also state a value which the assembler assumes to be in the base registers at object time. 


The value assigned to a register by the USING directive is used by the assembler in the assignment of main storage 
addresses. The value assigned is assumed to be in the respective base registers at execution time. The effective addresses 
are then derived by the hardware at execution time by adding the contents of the base register to the displacement value 
when the instruction is processed. 
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3.3. PRIVILEGED OPERATION 


The assembler instructions may be divided into two categories according to their mode of operation: 

7 Nonprivileged Instructions 
The nonprivileged, or problem, instructions are available to both user programmer and system software for 
normal data processing when the processor is in the problem state; that is, the proper bit of the program status 
word (PSW) is set. If the program attempts to execute a privileged instruction, a program exception occurs. 

a Privileged Instructions 
The privileged, or supervisor, instructions are so named because their execution permits special priority processor 
activity. When the processor is in the supervisor state, that is, when the proper bit of the program status word 
(PSW) is not set, all instructions are valid. All privileged instructions are designated as such in this manual. 

The processor may be switched from one state to the other by providing a new program status word with the proper bit 

set appropriately. This may be accomplished by executing the load-PSW instruction (9.6). Since the load-PSW 

instruction is a privileged instruction, the processor must have been in a supervisor state. The switching of status may 


also occur as a result of an interrupt condition which causes a new program status word to be obtained from main 
storage. 


3.4. PRESENTATION OF INSTRUCTIONS 


Sections 4 through 10 describe each instruction in the assembler repertoire. The instructions are grouped in sets 
according to type: 


a Fixed-point instructions 

: Decimal instructions 

a Floating-point instructions 

a Logical instructions 

a Branching instructions 

a Status switching instructions 

s input/output instructions 

The description of each instruction is presented in the following format: 


a Instruction name — unless otherwise specified, the instruction applies to both the 9400/9480 and 90/60,70 
environments 


a Symbolic representation, hexadecimal operation code, format type, and length 
a Function — the operation performed by the instruction 


a Object instruction format — specified only for those instructions which are exceptions to the formats shown in 
Figure 3—1 
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- detailed operation information 


- restrictions on use 


— condition code settings 


om Possible program exceptions 


— applicable relocation and indirection flags (90/60,70 systems). 
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Figure 3—2 lists and defines the 


abbreviations used for relocation and indirection flags as well as illustrating their respective placement in 
the format for the relocation register. 


a Examples 


Appendix A contains a list of the assembler instructions in alphabetical order according to mnemonic operation 


code. 


Appendix B describes the hardware differences between the SPERRY UNIVAC 9400/9480 Systems and the 


SPERRY UNIVAC 90/60,70 Systems. 


The basic concepts of address relocation and of indirect addressing are described in 4.6 of the processor manual, 


UP-7936 (current version). 


(IGNORED) 





| FLAGS | 
R R 
| oO 
3 718 


Flags (bits 3—7) 





Bit Name 
3 R1 
4 ID 
5 RD 
6 10 
7 RO 


Offset (bits 8—19) 


OFFSET 
19 | 20 


branch and relative instruction fetch addresses 


0 = absolute addresses 
1 = relative addresses 


indirect destination operand control 


0 = direct addresses 
1 = |ACW addresses 


relative destination operand control 


0 = absolute 
1 = relative 


indirect origin operand control 


0 = direct addresses 
1 = [ACW addresses 


relative origin operand control 


0 = absolute addresses 
= relative addresses 


A 12-bit relocation value. 


Figure 3~2. Relocation Register Format 
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4. Fixed-Point Instructions 


4.1. GENERAL 


The fixed-point instruction set provides for loading, storing, adding, subtracting, multiplying, dividing, comparing, 
shifting, and sign control of fixed-point operands on the SPERRY UNIVAC 9400/9480 Systems, and 90/60,70 
Systems. See 1.3.1 for information concerning the manner in which fixed-point numbers are represented and their 
sign code established. Radix conversion of fixed-point operands is provided on the 90/60,70 systems. Unless 
otherwise noted, both operands are treated as 32-bit signed integers. Negative quantities are always represented in 
twos complement notation. A 0 result is always represented with a positive sign. 


Fixed-point instructions are available in the RR, RX, RS, and S! formats. With the exception of the add- immediate 
instruction, at least one of the operands is contained in one of the 16 general registers. The other operand may be 
contained in main storage, in the same general register, or in another register. An operand address in main storage 
may be specified as relative or absolute on the 9400/9480 systems. On the 90/60,70 systems, an operand address in 
main storage may be specified as relative or absolute and direct or indirect under the control of the applicable 
col relocation register flags. Unless the first and second operands are contained in the same register, or otherwise noted, 
the contents of the second operand location remain unchanged by the execution of the instruction. 


This section describes the operation of each fixed-point instruction. The instructions are arranged in alphabetical 
order according to mnemonic operation code. Each description includes a list of the possible program exceptions 
and condition codes which may result. The relocation and indirection flags that are pertinent to the operand 
addresses are listed. The object code format of the instruction is shown only for those instructions which differ from 
the format shown in Figure 3—1. See Table 3—1 for an explanation of the abbreviations used in describing 


instruction formats and Figure 3—2 for relocation flag abbreviations. 


4.2. A (ADD) 


Mnemonic Hexadecimal Object 
2 Source Code 
Operation Operation roemat Instruction 
Code 


T 
Code = Length 


Operand Format 





Function: 


The contents of the full-word operand 2 in main storage at the address, specified by d,{x,,b,), are algebraically 
added to the general register specified by ae 


Operational Considerations: 


s All 32 bits of both operands are added. An overflow condition exists when the carry out of the sign bit 
position and the most significant numeric bit position disagree. After overflow, the sign and magnitude 
of the result are incorrect. 
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2. 
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Operand 2 must be on a full-word boundary. 

The contents of operand 2 remain unchanged. 

An overflow interrupt may be inhibited if bit 36 of the PSW is set to 0. 
The condition code is set as follows: 

_ to 0 (00,) if result is 0; 

_ to1 (01,) if result is less than 0; 

— to 2 (10,) if result is greater than 0; or 

— to 3(11,,) if overflow occurs. 


Possible program exceptions: 


a 
re 


Specification (operand 2 or [ACW not 
on full-word boundary) 


Relocation and indirection flags (90/60,70): 

















- operand 1: none 


_ operand 2: RO, 10 





A OPERATIONA OPERAND 








10, TABLE+20 ..... 


The contents of the full word in main storage location JOE are added to register 14. 


4-2 
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ra nino: toro nenneanetnseenttr snes Kibet HOPE NAN HR mE Se pre am mR AEN NRO en 


The contents of the full word in main storage addressed by TABLE+20 are added to register 10. 








UP-NUMBER 
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4.3. AH (ADD-HALF-WORD) 


Mnemonic Hexadecimal Object 
Operation Saurre Code Operation Fomnat 


Operand Format Instruction 


T 
Code ype Length 





Code 


Function: 


The contents of the half-word operand 2in main storage at the address, specified by d, (x,,b,) ,are expanded to a 


full word by propagating the sign bit value through the 16 most significant bit positions. The operand is then 
algebraically added to the general register, specified by ry. The result is stored in operand 1. 


Operational Considerations: 


a All 32 bits of both operands are added. An overflow condition exists when the carry out of the sign bit 
position and the most significant numeric bit position disagree. After overflow, the sign and magnitude 
of the result are incorrect. 

: The contents of operand 2 remain unchanged. 


a An overflow interrupt may be inhibited if bit 36 of the PSW is set to 0. 


a The condition code is set as follows: 


to0 (00,) if result is O; 


to 1 (01 9) if result is less than 0; 


to 2 (10,,) if result is greater than 0; or 


to 3(1 1,) if overflow occurs. 


a Possible program exceptions: 





Specification 
1. Operand 2 not on half-word 
boundary 
2. IACW not on full-word boundary 
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s Relocation and indirection flags (90/60,70): 





— 
- operand 1: none 
— operand 2: RO, 10 
Examples: 
OPERAND A 
} ( y ] Zz ) . i 1d i i hed. L 
1. The contents of the half word in main storage location FOX are added to register 8. 
2.  -The effective address is obtained by adding the contents of base register 12 to 0. The contents of this address 
are then added to register 8. 
4.4. Al (ADD-IMMEDIATE) 
Mnemonic Shurea Code Hexadecimal Parmut piers 
Operation Opeiand Eorinat Operation Type Instruction 
Code Code y Length we 


93 (9400/9480) Four Bytes 
9A (90/60,70) 





Function: 


The binary value of operand 2, contained in i, field, is algebraically added to the contents of the half-word 
operand 1 in main storage at the address specified by d, (b, ). The result is stored in operand 1. 


Operational Considerations: 


a An overflow condition exists when the carry out of the sign bit position and the most significant 
numeric bit positions disagree. After overflow, the sign and magnitude of the result are incorrect. 


a The condition code is set as follows: 


to0 (00,,) if result is O; 


to1 (01 3) if result is less than 0; 
- to2 (10,) if result is greater than 0; or 


- to3(1 1,) if overflow occurs. 
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o Possible program exceptions: 











SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 


Fixed-point overflow Binary overflow 


a Relocation and indirection flags (90/60,70): 










Specification 


1. Operand 1 not on half-word 
boundary 


2. 1ACW not on full-word 
boundary 


- operand 1: RD, ID 
_ operand 2: none 


Examples: 


A GPERATION A OPERAND A 


ié 
SSS 






om 
Oo 
+ 
>< 
ny 
.e) 


1. The value —128, specified by 80, 6 is added to the contents of main storage specified by the displacement O 
modified by the contents of the base register 9. 


2. The value 127 is added to the contents of the operand labeled SMALL. 


4.5. AR (ADD) 





















M z : ? 
inemonic Source Code Hexadecimal Object 
Operation Operation Instruction 

Operand Format 
Code Length 





Code 
ee ee 


Function: 


nae ee 


The 32 bits of operand 2, specified by r,,are added to the 32 bits of operand 1, specified by ry. The sum is stored 
in operand 1. 


4-5 
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Operational Considerations: 






a All 32 bits of both operands are added. An overflow condition exists when the carry out of the sign bit 
position and the most significant numeric bit position disagree. After overflow, the sign and magnitude 
of the result are incorrect. 

a The contents of rs remain unchanged. 

a The condition code is set as follows: 

- toO (00,) if result is O; 
- to 1 (01 >) if result is less than 0; 
- to2 (10,) if result is greater than 0; or 
— to 3(1 1,) if overflow occurs. 
a Possible program exceptions: 
2 Relocation and indirection flags (90/60,70): none 


Examples: 





1. The contents of register 13 are added to the contents of register 14. 
2. The contents of registers 12, 13, and 14 are added and the sum is placed in register 14. The sum of the 


contents of registers 12 and 13 is stored inregister 12. 


4.6. C (COMPARE) 


Mnemonic Hexadecimal Object 


Operation Source Code Ossian ; 
Operand Format peration nstruction 


Code Length 


ee ee ee 
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“ Function: 
ais The full-word operand 1, specified by ris algebraically compared with the full-word operand 2, specified by 
d, (x,,b,). 
Operational Considerations: 
a The contents of both operands remain unchanged. 
a The condition code is set as follows: 
- to0 (00,) if the operands are equal; 
_ to1 (01 3) if operand 1 is less than operand 2; 
_ to2 (10,) if operand 1 is greater than operand 2; or 
_ code 3 is not used. 
a Possible program exceptions: 

° a 
a 
= [ 

not on full-word boundary) 
a Relocation and indirection flags (90/60,70): 
- operand 1: none 
- Operand 2: RO, |O 
Examples: 
wee ere See a ete Z ‘ r ence eee eee 
1. The contents of register 6 are compared with the full word in main storage location CAT. 


2. The contents of register 8 are compared with the full word in main storage labeled CAT +4. 
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4.7.CH (COMPARE-HALF-WORD) 





a 
Mnemonic Seuice Cbde Hexadecimal Eannat Object 
Operation Oparand:Eordat Operation Type Instruction 
Code m Code yp Length 
a 
Function: 
The half-word operand 2 specified by do (x, b,), is expanded to a full word by propagating the sign bit value 
through the 16 most significant bits. The full-word operand 1, specified by ie. is then algebraically compared with 
operand 2. 
Operational Considerations: 
a The contents of both operands remain unchanged. 
a The condition code is set as follows: 
_ toO (00.,) if the operands are equal; 
— to 1 (01 2) if operand 1 is less than operand 2; 
- to2 (10,) if operand 1 is greater than operand 2; or 
- code 3 is not used. nee 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
Addressing Addressing 


a Relocation and indirection flags (90/60,70): 















Specification 


1. Operand 2 not on half-word 
boundary 


2. 1ACW not on full-word 
boundary 


- operand 1: none 


_ operand 2: RO, !0O soe 
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Examples: 
Sache a a Na gf SG 8 aga ear a hl Oca aaa cha 
| LABEL A. OPERAT! on AL OPERAND A 
Lion. | He zen | 





1. The contents of register 8 are compared with the half word in main storage location CTR. 


2. The contents of register 6 are compared with the contents of the half word in main storage location 2564. 


4.8.CR (COMPARE) 


Mnemonic . ; 
Speprion Source Code ak oe et Format Object 
Operand Format peration nstruction 


T 
ue Length 


Code 


La Sn A a TS 


Function: 





The full-word operand 1, specified by re is algebraically compared with the full-word operand 2, specified by ts. 


Operational Considerations: 
a The contents of both operands remain unchanged. 


a The condition code is set as follows: 
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to0 (00.,) if the operands are equal; 


tol (01,) if operand 1 is less than operand 2; 


to2 (10,) if operand 1 is greater than operand 2; or 
_ code 3is not used. 
a Possible program exceptions: none 


a Relocation and indirection flags (90/60,70): none 


Example: 


| LABEL A 3PERATION A CPERANG A 
} rae) és 











1. The contents of register 6 are compared with the contents of register 7. 


4.9. CVB (CONVERT-TO-BINARY )—90/60,70 


Mnemonic H , ; 
Operation Source Code ee Format ' pila 
Operand Format eration nstruction 


Code Code Kye Length 


Function: 





The double-word operand 2, specified by d, (x,,b,), is converted from a packed decimal number to a binary 
number and placed in the operand 1 location, specified by ry: 


Operational Considerations: 

a Operand 2 is a signed 15-digit packed decimal number contained in a double-word main storage location. It 
must begin on a double-word boundary. The number is checked for valid sign and digit code before 
conversion to a 32-bit signed integer. 

a The maximum number which can be converted and still contained ina 32-bit register is 2,147,483,647. The 
minimum number is —2,147,483,648. For decimal numbers exceeding this range, the 32 least significant 
bits are stored in the first operand location and a fixed-point divide exception is generated. 

a If operand 2 is negative, the least significant 32 bits of the result are in twos complement notation. 


s The contents of operand 2 remain unchanged. 


The condition code remains unchanged. 


7 e 
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a Possible program exceptions: 


_ addressing exception 

— data exception (invalid sign or digit) 

- fixed-point divide exception 

- indirect address specification exception 
- indirect addressing exception 

- protection exception 


- specification exception (operand 2 not on double-word boundary or {ACW not on full-word 
boundary) 


2 Relocation and indirection flags: 
- operand 1: none 
- operand 2: RO, 1O 


Example: 










LABEL A OPERATION A QPERAND 
10 16 


EC) Aes pac eile path yea seal 


1. The packed decimal number located at main storage location DEC is converted to binary and placed in 
register 8. 


4.10. CVD (CONVERT-TO-DECIMAL) — 90/60,70 


Mnemoni i j 
in onic Soutea Gods Hexadecimal Fecmat Object 
Operation Operation Type Instruction 


(e] d Format 
fe Code Length 





Code 


Function: 


The full-word operand 1, specified by or is converted from a binary number to a packed decimal number and 
placed in the double-word operand 2, specified by d, (x2 b,). 
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Operational Considerations: 


7 Operand 1 is treated as a 32-bit signed integer. It is converted to a signed 15-digit packed decimal number 
and placed in a double-word main storage location. The location must begin on a double-word boundary. 


a The contents of the operand 1 register remain unchanged. 
a The low order four bits of the result represent the sign. 
] The condition code remains unchanged. 


a Possible program exceptions: 


addressing exception 

- indirect address specification exception 
- indirect addressing exception 

- protection exception 


_ specification exception (operand 2 not on double-word boundary or !ACW not on full-word 
boundary) 


a Relocation and indirection flags: 


- operand 1: none 


_ operand 2: RD, ID 


Example: 





1. The contents of register 6 are converted to a packed decimal number and placed in the double-word storage 
location BIN. 


4.11. D (DIVIDE) — 90/60,70 


Mi i . . 
skies Source Code paxedecinal Format obiset 
Operation Ouarand Ecamat Operation Tike Instruction 
P . Code xP Length 


Code 


Function: 





The double-word operand 1 (the dividend), specified by te is divided by the full-word operand 2 (the divisor), at 
the address specified by d, (x,,b,). The quotient and remainder are stored in operand 1. 
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Operational Considerations: 


Example: 


greenest 


| 





1. 


Operand 1 is treated as a 64-bit signed integer and occupies an even-odd register pair. The operand 1 field 
must specify an even-numbered register. The 32-bit remainder and 32-bit quotient replace the dividend in 
the even-numbered and odd-numbered register, respectively. 


Operand 2 is treated as a 32-bit signed integer. The contents of operand 2 remain unchanged after 
execution. 


The sign of the quotient is determined algebraically and the remainder assumes the sign of the dividend. AO 
quotient or 0 remainder is always positive. 


When the quotient exceeds 32 bits or the divisor is equal to 0, a fixed-point divide exception occurs, no 
division takes place, and the dividend remains unchanged. 


The condition code remains unchanged. 
Possible program exceptions: 

- addressing exception 

- fixed-point divide exception 

- indirect address specification exception 
- indirect addressing exception 

- protection exception 


- specification exception (operand 2 or [ACW not on full-word boundary; or operand 1 field specifies 
an odd-numbered register) 


Relocation and indirection flags: 
- operand 1: none 


_ operand 2: RO, 1O 


LABEL A CPERATION A OPERAND A 





The contents of registers 8 and 9 are divided by the contents of the full word specified by DIVIS. The 
quotient is stored in register 9; the remainder, in register 8. 
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4.12. DR (DIVIDE) — 90/60,70 





Mnemonic Hexadecimal Object 
Operation bore ea Operation eden Instruction 
Code Code ype Length 
ee 
Function: 
The double-word operand 1 (the dividend), specified by fo: is divided by the full-word operand 2 (the divisor), 
specified by r,. The quotient and remainder replace operand 1. 
Operational Considerations: 

a Operand 1 is treated as a 64-bit signed integer and occupies an even-odd register pair. The operand 1 
field must specify an even-numbered register. The 32-bit remainder and 32-bit quotient replace the 
dividend in the even-numbered and odd-numbered register, respectively. 

a Operand 2 is treated as a 32-bit signed integer. The contents of operand 2 remain unchanged after 
execution, 

Ld] The sign of the quotient is determined algebraically and the remainder assumes the sign of the dividend. 
A 0 quotient or 0 remainder is always positive. 

s When the quotient exceeds 32 bits or the divisor is equal to 0, a fixed-point divide exception occurs, no 


division takes place, and the dividend remains unchanged. 
a The condition code remains unchanged. 


a Possible program exceptions: 
- fixed point divide exception 


_ specification exception (operand 1 field specifies an odd-numbered register) 


a Relocation and indirection flags: none 


Example: 


LABEL A OPERATION A GS ERAND A 
10 14 


1, The contents of registers 6 and 7 are divided by the contents of register 10. The quotient is stored in 
register 7; the remainder, in register 6. 
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? 4.13. L (LOAD) 


Mnemonic Hexadecimal Object 
Operation 


Source Code 


Operand Format Operation Instruction 


Code Length 


ee ee 





Function: 


The contents of the full-word operand 2 in main storage at the address specified by d,(x,,b,), are transferred 
to the operand 1 register, specified by ry: 


Operational Considerations: 
a The contents of operand 2 remain unchanged. 
a The condition code remains unchanged. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
ee 


Indirect addressing 


| rrowton  P 





Specification (operand 2 or |ACW 
not on full-word boundary) 


ai Relocation and indirection flags (90/60,70): 


— operand 1: none 
- operand 2: RO, lO 


Examples: 


A GFERATION A OPERAND A 
18 


SS eg 


Ie LA MCH 


bie LILA MC i 
















Ses (es teed eee cas Oboe a ni 


1. ‘The full word in main storage location MCH is loaded into register 14. 


2. The four bytes following the four bytes addressed as MCH are loaded into register 14. 
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4.14. LCR (LOAD-COMPLEMENT) — 90/60,70 



























— 
Mne i i j 
monic ives Code Hexadecimal Facial Object 
Operation Operand Fora Operation T Instruction 
Code Code xe Length 
OE 
Function: 
The twos complement of the full-word operand 2, specified by Vos is stored in the operand 1 location, 
specified by ry: 
Operational Considerations: 
2 The contents of the operand 2 register remain unchanged. 
a A fixed-point overflow condition exists when the maximum negative number is complemented; the 
number remains unchanged. 
7 Zero remains unchanged under complementation. 
a The condition code is set as follows: 
_ tod (00,) if result is 0; 
See” 


to 1 (01,) if result is less than 0; 


to 2 (10,) if result is greater than 0; or 


to3(1 12) if overflow occurs. 
a Possible program exceptions: 

- fixed-point overflow exception 
a Relocation and indirection flags: none 


Example: 


LABEL A OPERATION A GPERAND A 





1. The twos complement of the contents of register 8 is loaded into register 7. 


de 





7935 Rev. 1 
UP-NUMBER 






4-17 





SPERRY UNIVAC Operating System/4 










PAGE REVISION 


4.15. LH (LOAD-HALF-WORD) 


Mnemonic i ject 

es Source Code exacecinna Format nti : 
Operation Operation Instruction 
Operand Format 


Code yee Length 


a ee ee 


Code 





Function: 


The half-word operand 2, specified by d, (x,,b), is expanded to a full word by propagation of the sign bit 
through the 16 most significant bit positions. The resulting full word is stored in operand 1, specified by ry 


Operational Considerations: 
a The contents of operand 2 remain unchanged. 
a The condition code remains unchanged. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 


ee ee is= ee 


a Relocation and indirection flags 90/60,70: 








Specification 





1. Operand 2 not on hailf-word 
boundary 








2. IACW not on full-word 
boundary 


= operand 1: none 


- operand 2: RO, lO 


Examples: 





A OPERATION A OPERANDS A 








1. The two bytes in main storage location HAF are expanded to a full word and placed in register 12. 


2. The two bytes in main storage location HAF +2 are expanded to a full word and placed in register 10. 
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4.16. LLR (LOAD-LIMITS-REGISTER) — PRIVILEGED INSTRUCTION — 9400/9480 






















Mnemonic Hexadecimal Object 






Source Code 





Operation Operation Instruction 
F t 
Code Operant: Forms Code Length 
Function: 


The limits registers are loaded with the half word in main storage specified in operand 1, d, (b,). Bits O—7 are 
loaded into the upper limits register, bits 8—15 into the lower limits register. Treated as no-op when the 
storage protection feature is not installed. 

Operational Considerations: 


a This is a privileged instruction which is executed and controlled by the supervisor. 


a The instruction loads the half-word operand from main storage specified by d, (b,) into the timits 
register. 


a The , and le fields of this instruction are ignored. 

. The condition code is set as follows: 
- to 0 (00) if write protection feature is installed; 
- to 1 (01) if write protection feature is not installed; 
— codes 2 (10) and 3 (11) are not used. 

a Possible program exceptions: 


- privileged operation exception 


- specification exception 


Example: 









AOPERATIONA OPERAND A 


10 





RN ip ge ie ee a @ Gee a he ene tee 








1. The contents of the half word labeled LMT1 are loaded into the hardware limits registers. 
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4.17. LM (LOAD-MULTIPLE) 





Mnemonic Hexadecimal Object 
Operation So Operation InStruction 
Code Code Length 
Function: 

The general registers starting with the operand 1 register, specified by er and ending with the operand 3 

register, specified by r,, are loaded with full-word main storage operands beginning with operand 2 address, 

specified by d, (b,). 

Operational Considerations: 

i] The registers are loaded in ascending numeric sequence beginning with the operand 1 register and 
continuing through the operand 3 register. 

a One register may be loaded by specifying the same register number for operand 1 and operand 3. 

5 If the operand 3 specification is lower than the operand 1 specification, all registers with a number 
greater than or equal to operand 1 and all registers with a number less than or equal to operand 3, are 
loaded. 

a The contents of main storage specified by operand 2 remain unchanged. 


. The condition code remains unchanged. 


a Possible program exceptions: 


Tsosseene 
a 













Specification (operand 2 or |ACW 
not on full-word boundary) 


2 Relocation and indirection flags (90/60,70): 
- operand 1: none 


- operand 2: RO, 10 
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Examples: 





1. Registers 6, 7, 8, 9, and 10 are loaded with full words beginning with location 4096. 


2. Registers 8, 9, 10, 11, 12, 13, 14, 15, 0, 1, 2, 3, 4, 5, and 6 are loaded, in this order, with full words 
beginning at main storage location DATA. 


3. Register 5 is loaded with the full word at main storage location COUNT. 


4.18. LNR (LOAD-NEGATIVE) — 90/ 60,70 


Mnemonic Hexadecimal Object 


: Source Code 
Operation 
poo ee Operand Format Operation Instruction 


Code Length 
a a Te a 


Function: 





The twos complement of the absolute value of the full-word operand 2, specified by Nose is loaded into operand 
1, specified by ry: 


Operational Considerations: 
a The contents of the operand 2 register remain unchanged. 
a Positive numbers are complemented; negative numbers remain unchanged. 
a Zero remains unchanged under complementation. 
a The condition code is set as follows: 
_ to0 (00,) if result is 0; 
_ to 1 (01,) if result is less than 0; or 
- codes 2 and 3 are not used. 
a Possible program exceptions: none 


. Relocation and indirection flags: none 
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Example: 
ae 
LABEL A GPERATION A OPERAND A 
7 Gc . 14 Ee eg Tene et Oe ee eRe Bo aCe AE 
Dic dbabeend obo! | . LNR 8 4 Holo dio obi iods beac aii hie od ae i oh 
1. The twos complement of the absolute value of the contents of register 4 is placed in register 9. 
4.19. LPR (LOAD-POSITIVE) — 90/60,70 
Mnemonic Soule Gade Hexadecimal Earnie Object 
Operation Gnsvand Fovnet Operation Tyee Instruction 
Code 7 Code 1 Length 
(DS 
Function: 
The absolute value of the full-word operand 2, specified by ro. is placed into operand 1, specified by re 
Operational Considerations: 
— a The contents of the operand 2 register remain unchanged. 


a Positive numbers are unchanged by this operation. 
a When operand 2 is negative, the twos complement is placed in the operand 1 location. 


os When operand 2 contains the maximum negative number, a fixed-point overflow condition exists and 
the number remains unchanged. 


a The condition code is set as follows: 


to0 (00,) if result is O; 


_ code 1 is not used: 


to2 (10,) if result is greater than 0; or 


to 3 (1 1) if overflow occurs. 
a Possible program exceptions: 
- fixed-point overflow exception 


a Relocation and indirection flags: none 
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Example: 


LABEL A OPERATION A OPERAND A 
16 16 





1. The absolute value of the contents of register 6 is loaded into register 5. 


4.20. LR (LOAD) 


Mi H . . 
inemonic Source Code Hexadecimal Covina Object 
Operation Operation Instruction 

Code 


Code Type Length 
es 2 


Function: 


Operand Format 





The contents of the full-word operand 2, specified by r,,are transferred to the operand 1 register specified by 
r 


1° 
Operational Considerations: 
7 The contents of the operand 2 register remain unchanged. 
a The condition code remains unchanged. 
a Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): none 


Example: 


OPERAND A 





1. The full word in register 9 is loaded into register 14. 


4.21. LTR (LOAD-AND-TEST) 


Mnemonic i Object 
: Source Code Pexedecita! Format , ‘ 
Operation Operation Instruction 


Oo F 
perand Format Code Type Length 





Code 
a 
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Function: 


The contents of the full-word operand 2 register, specified by r,, are transferred to the operand 1 register, 
specified by ry. the condition code is set. 


Operational Considerations: 
a The contents of the operand 2 register remain unchanged. 


s The condition code is set as follows: 


to 0 (00,) if result is 0; 


to 1 (01,) if result is less than 0; 


to2 (10,) if result is greater than 0; or 


code 3 is not used. 


a Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): none: 


Example: 


A OPERATION A OPERAND A 
10 16 





LABEL 











1. The full word in register 9 is loaded into register 14 and the condition code is set. 


4.22. M (MULTIPLY) — 90/60,70 


Mnemonic . : 
Operation Source Code laches Format ee 
Operand Format eration nstruction 


Code Code Type Length 


Function: 





The full-word operand 1 (multiplicand), specified by tye is multiplied by the full-word operand 2 (multiplier), 
specified by d.,{x,,b,), and the product is stored in operand 1. 


Operational Considerations: 
2 Both operands are treated as 32-bit signed integers. 


a The contents of operand 2 remain unchanged. 
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s The product is treated as a 64-bit signed integer and occupies an even-odd register pair; therefore, the 
operand 1 register must specify an even-numbered register. The first operand is taken from the 
odd-numbered register. The contents of the even-numbered register are ignored until replaced by the 
most significant 32 bits of the product. 


a The sign of the product is determined algebraically. 
a The condition code remains unchanged. 
a Possible program exceptions: 

— addressing exception 

_ indirect address specification exception 

_ indirect addressing exception 

- protection exception 


_ specification exception (operand 2 or {ACW not on full-word boundary; or operand 1 specifies an 
odd register address). 


a Relocation and indirection flags: 
- operand 1: none 
- operand 2: RO, IO 


Example: 






LABEL A OPERATION A OPERAND A 


10 1 ee 


1. The contents of register 7 are multiplied by the contents of the full word in main storage location 
MULT. The product is placed in registers 6 and 7. 


4.23. MH (MULTIPLY-HALF-WORD) — 90/60,70 


Mnemonic Hexadecimal Object 


Operation Source Code Sasa e 
Operand Format Peration nstrustion 


Code Code Length 





Function: 


The half-word operand 2, specified by d,(x,,b,), is expanded to a full word by propagation of the sign bit 
through the 16 most significant bit positions. Operand 1 (the multiplicand), specified by ris then multiplied aed 
by operand 2 (the multiplier) and the product is stored in operand 1. 
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Operational Considerations: 

a Both operands are treated as 32-bit signed integers. 

a The product has a length of 47 or fewer bits. After multiplication, the least significant 32 bits of the 
product are placed in the operand 1 location. If the product exceeds 32 bits, the most significant bits are 
ignored and an overflow condition is not indicated. The sign of the product may be incorrect when the 
most significant bits are fost. 

a The sign of the product is determined algebraically. 


a The condition code remains unchanged. 


a Possible program exceptions: 


addressing exception 

_ indirect address specification exception 
~ indirect addressing exception 

- protection exception 


_ specification exception (operand 2 not on half-word boundary or [ACW not on full-word 
boundary) 


Lt] Relocation and indirection flags: 
— operand 1: none 
~ operand 2: RO, lO 


Example: 






LABEL A OPERATION A OPERAND A 
16 








IMB AM eer aa 





1. The contents of register 8 is multiplied by the half word in main storage location HALF and product is 
stored in register 8. 


4.24. MR (MULTIPLY) — 90/60,70 


Mnemonic Ssaren Cade Hexadecimal Eaciat Object 
Operation Operation Instruction 
Code Code 


T 
as Length 
a 


Function: 


Operand Format 





The full-word operand 1 (the multiplicand), specified by r,, is multiplied by the full-word operand 2 (the 
multiplier), specified by los and the product is stored in operand 1. 
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Operational Considerations: 

s Both operands are treated as 32-bit signed integers. The product is treated as a 64-bit signed integer and 
occupies an even-odd register pair; therefore, the operand 1 specification must specify ari even-numbered 
register. Operand 1 is taken from the odd-numbered register of the pair. The even-numbered register may 
contain operand 2; if not, the contents of the even-numbered register are iqnored until replaced by the 
Most significant 32 bits of the product. 

a An overflow cannot occur. 

a The sign of the product is determined algebraically. 

a The condition code remains unchanged. 

a Possible program exceptions: 

- specification exception (operand 1 specifies an odd-numbered register) 


s Relocation and indirection flags: none 


Examples: 





A OPERATION A OPERAND A 


as 








1. The contents of register 7 are multiplied by the contents of register 9. The result is stored in registers 6 
and 7. 


2. The contents of register 7 are multiplied by the contents of register 6. The result is stored in registers 6 
and 7. 


4.25. S (SUBTRACT) 


Mnemonic i j 
Operation Source Code pian Format ‘ oe 
Operand Format n nstruction 


Code Code Type Length 


Four Bytes 





Function: 


The full-word operand 2, specified by d,(x,,b,), is subtracted from the full-word operand 1, specified by ry 
and the result is stored in operand 1. 


Operational Considerations: 


a The subtraction is performed by means of signed algebraic twos complement binary addition. 
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a All 32 bits of both operands are used. An overflow condition exists when the carry out of the sign bit 
position and the most significant numeric bit position disagree. 


a The contents of operand 2 remain unchanged. 


a The condition code is set as follows: 


to0 (00,) if result is 0; 


to1 (01,) if result is less than 0; 


to 2 (10,) if result is greater than 0; or 
— code 3 is not used. 


a Possible program exceptions: 
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Fixed-point overflow Binary overflow 


a 
Specification (operand 2 or I|ACW 
not on full-word boundary) 


s Relocation and indirection flags (90/60,70): 









_ operand 1: none 


_ operand 2: RO, !O 


Examples: 


A GFERATION A OPERANDS A 


1% 





| Heb MALO td 





1. The contents stored in the the full word at main storage location VALUE are converted to a twos 
complement binary value and added to the contents of register 14. 


2. The contents stored in the full word located at address 4000 are converted to a twos complement binary 
value and added to the contents of register 10. 
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4.26. SH (SUBTRACT-HALF-WORD) 


Mnemonic Hexadecimal 
Operation 


Function: 


The half-word operand 2, specified by d.(x.,b,), is expanded to a full word by propagation of the sign bit 
value through the 16 most significant bit positions. Operand 2 is then subtracted from the full-word operand 


Code 


Sa (AT OT 


Source Code Format 


Operation 
Oo d F 
perand Format Code Type 





1, specified by t,) and the result is placed in operand 1. 


Operational Considerations: 


The subtraction is performed by means of signed algebraic twos complement binary addition. 


All 32 bits of both operands are used. An overflow condition exists when carry out of the sign bit 


position and the most significant numeric bit position disagree. 
The contents of operand 2 remain unchanged. 


The condition code is set as follows: 


toO (00, ) if result is O; 


to 1 (01,) if result is less than O; 


to 2 (10,,) if result is greater than 0; or 


to 3 (1 1,) if overflow occurs. 


Possible program exceptions: 
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Addressing Addressing 
Fixed-point overflow Binary overflow 






Specification 






1. Operand 2 not on half-word 
boundary 







2. tACW not on full-word 
boundary 
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a Relocation and indirection flags: 












— operand 1: none 
- operand 2: RO, !0 
Examples: 
LABEL A OPERATION A 
1. Subtract the contents stored in the half word located at DEDTN from the contents of register 10. 
2. Subtract the contents stored in the half word located at address 1094 from the contents of register 15. 
4.27. SLA (SHIFT-LEFT-SINGLE) — 90/60,70 
Mnemonic Hexadecimal Object 
Operation Pacis pe Operation cing Instruction 
Code Code en Length 
a 
Function: 
The 31-bit integer operand 1, specified by he is shifted left the number of bit positions specified by the least 
significant six bits of the operand 2 address, specified by d, (b,). 
Object Instruction Format: 
OPERATION OPERAND uf  QPERAND 3 OPERAND 2 
CODE 15) 16 
Operational Considerations: 
a The vacated least significant bit positions of the operand 1 register are zero filled. 
. The sign bit remains unchanged. 
a If a bit not equal to the sign bit is shifted out of the most significant numeric bit position, a fixed-point 
overflow condition exists. 
a For numbers with an absolute value of less than 0 a left shift of one bit position is equivalent to 
multiplying the number by 2. 
ae = Shift amounts from 31 to 63 cause the entire integer to be shifted out of the register. When the entire 


integer field for a positive number has been shifted out, the register contains a value of 0; for a negative 
number, the register contains sot 
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s The condition code is set as follows: 

















- to0 (00,) if result is 0; 
- to1 (01,) if result is less than 0; 
- to2 (10,) if result is greater than 0; or 
- to3 (1 15) if overflow occurs. 
a Possible program exceptions: 
_ fixed-point overflow exception 
a Relocation and indirection flags: none 
Example 
A operat ON a OPERAND A 
/. wan en we esti SEs dg dees hSeees Stic Tits | oeS eae) pee dares Geaes ORD eae i 
1. The contents of register 8 are shifted to the left one bit position. 
Bela get 
4.28. SLDA (SHIFT-LEFT-DOUBLE) — 90/60,70 
Mnemonic Hexadecimal Object 
Operation Resa aca Operation ptie instruction 
Code Code ¥e Length 
ee ee 
Function: 
The 63-bit integer operand 1, specified by Ris is shifted left the number of bit positions specified by the least 
significant six bits of the operand 2 address, specified by d,(b,). 
Object Instruction Format: 
OPERATION OPERAND 1 [OPERAND 3. OPERAND 2 
CODE a ead) 
unused 
Operational Considerations: 
a The r, specification in operand 1 must refer to the even-numbered register of an even-odd register pair. 3 


The contents of both registers, except the sign bit of the even-numbered register, are treated as a 63-bit 
integer. 
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a The vacated least significant bit positions of the register pair are zero filled. 
2 The sign bit of the even register remains unchanged. 


] If a bit not equal to the sign bit is shifted out of the most significant numeric bit position of the 
even-numbered register, a fixed-point overflow condition exists. 


a A 0 shift value provides a double-length sign and magnitude test. 


tT] The condition code is set as follows: 


to 0 (00,,) if result is 0; 


tol (01,) if result is less than O; 


to 2 (10,) if result is greater than 0; or 


to 3 (11,) if overflow occurs. 
o Possible program exceptions: 
- Fixed-point overflow exception 
_ Specification exception (operand 1 specifies an odd register number) 


os Relocation and indirection flags: none 








Example: 
LABEL A OPERATION A OPERANDS A 
16 
A ef 1B. Lo eer eee dette neater tapial dbune wltaas? Becctatt taaty atay mentee IEP OTE ERS CGPNS aceee COE Cesta me Ce 


1. The contents of register 8 and register 9, taken as a 63-bit integer, are shifted to the left one bit position. 


4.29. SLM (SUPERVISOR-LOAD-MULTIPLE) — PRIVILEGED INSTRUCTION 


Rosato Hexadecimal 
Operation Source Code 


Operand Format 


F Object 

. ‘ormat : 

Operation tT Instruction 
Code are Length 


Code 


- Function: 





The problem general registers starting with the operand 1 register specified by r,, and ending with the operand 
3 register, specified by r,, are loaded with full-word main storage operands beginning with the operand 2 
address specified by d, (b,). 
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Operational Considerations: 


a This is a priviteged instruction which is executed and controlled by the supervisor. 
a This instruction is similar to the load-multiple instruction (4.16) except that in the 
supervisor-load-multiple instruction the operands always refer to problem general registers even though 


the processor is in the supervisor state. 


a The registers are loaded in ascending numeric sequence beginning with the operand 1 numbered register 
and continuing through the operand 3 numbered register. ‘ 


a One register may be loaded by specifying the same register number for operand 1 and operand 3. 


a If the operand 3 specification is lower than the operand 1 specification, all registers with a number 
greater than or equal to operand 1 and all registers with a number less than or equal to operand 3 are 
loaded. 


a The contents of main storage specified by operand 2 remain unchanged. 
a The condition code remains unchanged. 


. Possible program exceptions: 
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re 
a 
a 





Specification (operand 2 or [ACW 
not on full-word boundary) 





s Relocation and indirection flags: 
_ operand 1: none 
- operand 2: RO, lO 


Examples: 










LABEL A GFERATION A 


10 16 ene ein 
a Sars unas Aapeoans Wess ead conesnonnsereneeranrea ven SAE aah ea? ce PMLA? ALURCGEMOMEO RARDIN G8 CO Ces ence Y ote cmb HO Samra cums part 
i, SLM HT AREA 
2. SLM. 952, DATA 
id 
1. Problem registers 4 through 9 are loaded with full words beginning at main storage location AREA. 


2. Problem registers 9, 10, 11, 12, 13, 14, 15, 0, 1, and 2 are loaded with full words beginning at main 
storage location DATA. 
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4.30. SR (SUBTRACT) 


M 
Operation Source Code Besasiet oly Object 
Operand Format peration nstruction 


Code Length 


fees te ee ee 


Function: 





The full-word operand 2, specified by Uo is subtracted from the full-word operand 1, specified by Pa and the 
result is stored in operand 1. 


Operational Considerations: 
a The subtraction is performed by means of signed algebraic twos complement binary addition. 


a All 32 bits of both operands are used. An overflow condition exists when the carry out of the sign bit 
position and the most significant numeric bit position disagree. 


a The contents of operand 2 remain unchanged. 


a The condition code is set as follows: 


to0 (00) if result is 0; 


to1 (01,) if result is less than 0; 


to2 (10,) if result is greater than 0; or 


to 3 (1 1,) if overflow occurs. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 


& Relocation and indirection flags: none 











Example: 


sentence _naauaenecnatmtenie enn anomie ERAN opmental te ems NE RSBORIE 


A OPERATION A OPERAND A 
10 16 








head pene etre ery eerie footed ee fees grien Steyr coves Seeiey Merial Geyer yee Pacey teeees fret, ere 


1. The contents of register 7 are converted to a twos complement binary value and added to the contents 
of register 9. 
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4.31. SRA (SHIFT-RIGHT-SINGLE) — 90/60,70 


Mi i i Obj 
sear Source Code Hexadecimal Format ect 
Operation Operation Instruction 

Code 


Type Length 


Operand Format 


Code 


ee 





Function: 


The 31-bit integer operand 1, specified by Ty. is shifted right the number of bit positions specified by the least 


significant six bits of the operand 2 address, specified by d,(b,). 


Object Instruction Format: 


cope DEERAND ; ZORERAND 3. OPERAND 2 


Operational Considerations: 





] The vacated high order bit positions of the operand 1 register are sign filled. 
. The bits shifted out of the least significant bit position of the registers are lost. 


: A right shift of one bit position is equivalent to division by 2 with rounding downward. When an even 
number is shifted right one position, the value of the field is obtained by dividing the value by 2. When 
an odd number is shifted right one bit position, the value of the field is obtained by subtracting 1, then 
dividing the value by 2. For example, 5 shifted right one bit position yields 2, whereas —5 yields —3. 


. Shift values from 31 through 63 cause the entire integer field to be shifted out of the register. When the 
entire integer field of a positive number has been shifted out, the register contains a value of 0. For a 


negative number, the register contains a value of —1. 


a The condition code is set as foliows: 


to0 (00,) if result is 0; 


to 1 (01,) if result is less than 0; 


to2 (10,) if result is greater than Q; or 


code 3 is not used. 


a Possible program exceptions: none 


a Relocation and indirection flags: none 
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Example: 


A OPERATION A OPERAND A 
16 








1. The contents of register 7 are shifted to the right one bit position. 


4.32. SRDA (SHIFT-RIGHT-DOUBLE) — 90/60,70 


Mnemoni f 2 
ine onic Behe eis Hexadecimal Format Object 

Operation Operation Instruction 
Code 


aves Length 


Operand Format 


Code 





Function: 


The 63-bit integer operand 1, specified by r,,is shifted right the number of bit positions specified by the least 
significant six bits of the operand 2 address, specified by d,(b,). 


Object Instruction Format: 


OPERATION OPERAND 1| OPERAND 3 OPERAND 2 
0 CODE 7 1 











8 11/12 5) 16 19)20 31 


Operational Considerations: 


a The r, specification in operand 1 must refer to the even-numbered register of an even-odd register pair. 
The contents of both registers, except the sign bit of the even-numbered register, are treated as a 63-bit 
integer. 


a The vacated most significant bit positions of the register pair are sign filled. 
a AO shift value provides a double-length sign and magnitude test. 


a The condition code is set as follows: 


to0 (00,) if result is O; 


to 1 (01,) if result is less than 0; 


to 2 (10,) if result is greater than 0; or 


ee code 3 is not used. 
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tT] Possible program exceptions: 
_ Specification exception (operand 1 specifies an odd register number) 
a Relocation and indirection flags: none 


Example: 





ee cence tanptrts 


OPERAND A 





A OPERATION A 
10 


1. The contents of register 8 and register 9, taken as a 63-bit integer, are shifted to the right one bit 
position. 


4.33. SSTM (SUPERVISOR-STORE-MULTIPLE) — PRIVILEGED INSTRUCTION 



































Mnemonic Hexadecimal Object 
2 Source Code . Format : 
Operation Gierand ©ormnat Operation Type Instruction 
Code Code ae Length 
Function: 


The contents of a group of problem general registers, starting with the operand 1 register, specified by tye 

ending with the operand 3 register, specified by r,, are stored in the main storage location designated by 

operand 2, specified by d, (b,). 

Operational Considerations: 

a This is a privileged instruction which is executed and controlled by the supervisor. 

a This instruction is similar to the store-multiple instruction (4.35) except that in the 
supervisor-store-multiple instruction the operands always refer to problem general registers even though 
the processor is in the supervisor state. 


a The contents of operand 1 through operand 3 remain unchanged. 


= ~~ When the operand 3 specification is lower than the operand 1 specification, the register numbers wrap 
around from 15 to 0. For this reason, all possible combinations of operand 1 and operand 3 are valid. 


a The condition code remains unchanged. 


Possible program exceptions: 
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eee 
Addressing Addressing 
a 
Specification (operand 2 or IACW 
not on full-word boundary) 
] Relocation and indirection flags (90/60,70): 
- operand 1: none 
- operand 2: RD, ID 
Examples: 
LABEL A oreraTtion A GPERAND A 
10 1 
eo ree E STM 6,8 REGR 
— Aya ta | STM | he, A, GAIN 
2 OG H 
1. The contents of registers 6, 7, and 8 are placed in the main storage location REGR. 
2. The contents of registers 15, 0, 1, 2, 3, and 4 are placed in main storage, beginning at the location 
labeled GAIN. 
4.34, ST (STORE) 
Mnemonic Sauce eoae Hexadecimal eran Object 
Operation Goerand Fora Operation Type Instruction 
Code ili Code 7P Length 
Function: 
The contents of operand 1, specified by r,, are stored in the main storage location operand 2, specified by 
d, (x, rb,). 
Operational Considerations: 
a The contents of operand 1 remain unchanged. 
ee 


a The condition code remains unchanged. 
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a Possible program exceptions: 











Addressing Addressing 
herincecolie eee 


ee nN ee 


Specification (operand 2 or I|ACW 
not on full-word boundary) 


a Relocation and indirection flags: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 







- operand 1: none 
- operand 2: RD, ID 


Example : 








OPERAND A 





1. The contents of register 7 are placed in main storage location RESULT. 


4.35. STH (STORE-HALF-WORD) 


Mnemonic Hexadecimal Object 


7 So od: 
Operation urce Cate Operation instruction 
Operand Format 
Length 





4 dg(xo,b5) 


Function: 


The least significant 16 bits of the contents of operand 1, specified by r,, are stored in the half-word main 
storage location operand 2, specified by d,(x,,b,). 


Operational Considerations: 
a The contents of the operand 1 register remain unchanged. 
a The condition code remains unchanged. 


a Possible program exceptions: 
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Specification 


1. Operand 2 not on half-word 
boundary 


IACW not on fuli-word 
boundary 





a Relocation and indirection flags (90/60,70): 
- operand 1: none 
_ operand 2: RD, ID 


Example: 


LABEL A OPERATION A OPERAND A 
ig 14 





1. The least significant 16 bits of register 7 are placed in main storage location RESULT. 





4.36. STM (STORE-MULTIPLE) 


Mnemoni i j 
inemonic oh ena Hexadecimal Earns Object 
Operation Operation Instruction 
Operand Format 


Code Code Type Length 





Function: 
The contents of a group of general registers, starting with the operand 1 register specified by r,, and ending 
with the operand 3 register specified by ra, are stored in the main storage location designated operand 2, 
specified by d,(b,). 

Operational Considerations: 


a The contents of operand 1 through operand 3 remain unchanged. 


a When the operand 3 specification is lower than the operand 1 specification, the register numbers wrap 
around from 15 to 0. For this reason, all possible combinations of operand 1 and operand 3 are valid. 


a The condition code remains unchanged. 
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. Possible program exceptions: 
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Addressing Addressing 


Indirect address specification Specification 


ae oe i 
| mown sd 








Specification (operand 2 or I|ACW 
not on full-word boundary) 





a Relocation and indirection flags: 
- operand 1: none 


— operand 2: RD, ID 


Examples: 


A OPERATION A OPERAND A 
16 


TT, 9,ANSWER 


VHS STORE tis 






una re e omnmena ta pmnoetamcue ona sw nae wn retnnsranes sr memmmgmuae teens coma Caine 





1. The contents of registers 7, 8, and 9 are placed in main storage, beginning at the location labeled 
ANSWER. 


2. The contents of registers 14, 15, 0, 1, 2, and 3 are placed in main storage, beginning at the location 
labeled STORE. 
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5. Decimal Instructions 


5.1. GENERAL 


The decimal instruction set provides for adding, subtracting, multiplying, dividing, comparing, and format 
conversion of variable-length operands. Unless otherwise noted, operands are treated as signed decimal integers in 
packed format. See 1.3.4 for information concerning the manner in which decimal numbers are represented and 
their sign codes established. 


All decimal instructions are represented in the SS format in which each operand is contained in main storage. On the 
SPERRY UNIVAC 9400/9480 Systems, each main storage address is absolute; on the SPERRY UNIVAC 90/60,70 
Systems, each main storage address may be specified as relative or absolute and direct or indirect under the control 
of the applicable relocation register flags. The address resulting from the relocation and indirection designates the 
main storage address of the most significant byte of the operand. Operands are always processed from right to left 
(that is, least significant byte to most significant byte). If the operands are of unequal length, the shorter is 
considered to be extended with 0 digits. If most significant digits or carries are lost because the first operand field is 

/ too short to accommodate the result of a decimal operation, a decimal overflow exception is detected. Unless the 
first and second operands overlap, the contents of the second operand location in main storage remain unchanged by 
the execution of the instruction. 


This section describes the operation of each decimal instruction. The instructions are arranged in alphabetical order 
according to the mnemonic operation code. Each description includes a list of the possible program exceptions and 

> condition codes which may result. The relocation and indirection flags that are pertinent to the operand address are 
listed. See Table 3—1 for an explanation of the abbreviations used in describing instruction formats. 


5.2. AP (ADD-DECIMAL) 


M . ; . 
sepheake Source Code exaceelmal Format Object 


Operation Operation instruction 


T 
Code aes Length 


Code Operand Format 





Function: 


The contents of operand 2, specified by d,(1,,b,), are added to the contents of operand 1, specified by 
d, (I, b, ), and the result is stored in the operand 1 location. 
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Object Instruction Format: 








— 
Operational Considerations: 
Addition is performed from right to left. 
If operand 2 is shorter than operand 1, operand 2 is extended with 0 digits. 
An overflow condition results if the capacity of the operand 1 field is exceeded by the result or if the 
carry out of the most significant digit position of the result field is lost. 
Operand 1 and operand 2 may overlap if their least significant bytes coincide. This makes it possible to 
add a number to itself. 
The condition code is set as follows: 
— to 0 (00) if result is 0; haw 





to1 (01,) if result is less than 0; 


to2 (10,) if result is greater than O; or 


to3 (1 1,) if overflow occurs. 


Possible program exceptions: 


Specification (LACW not on full-word 
boundary) 


Data exception 


1. Invalid overlap 


Invalid sign or digit code 
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a Relocation and indirection flags (90/60,70): 


cat — operand 1: RD, ID 

- operand 2: RO, lO 

Operational Differences: 
. 9400/9480 systems 

- If both operand 1 and operand 2 are unsigned, a positive sign is assumed. 

_ In the case of overflow, the sign of the answer will be correct even if the answer is zero; a zero 
answer normally carries a plus sign. 

- If operand 2 is longer than operand 1, the remaining digits of operand 2 are ignored. 

a 90/60,70 systems 

- All digits and signs are checked for validity; the sign of the result is determined algebraically. 

- In the case of overflow where the most significant digits are lost, the partial result has the sign 
which the complete result would have had; a zero result is positive when the operation is 
completed without overflow. 

- An interrupt may occur as a result of processing the significant digits. 

— Examples: 





LABEL A OPERATION OPERAND A 
16 


scemeomraera tne eng e oypaTiomNs x anenaennCeT MRAM INT sna tenanacet a sneha SANS TaN Ne IONIAN Seen Takeo wen ome Ses nme a mR NON ESOT. AE NOON NTL oe NE = 


TOTS G4 
malo aaa 


J 


1. The 4-byte operand specified by the label INPT is added to the 5-byte operand specified by the label 
TOT. Assuming that all signs are positive, the contents of the operands may be represented as follows: 


TOT before execution 097698135 
INPT before and after execution 9753142+ 
TOT after execution 107451277+ 


2. The operand specified by the label ADD is added to the contents of the operand specified by the label 
SUM. The lengths of the operands are implied. The instruction is assigned operand lengths which are 
determined during the assembly process. The length attribute for each label is placed into the | field of 
the instruction. 
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5.3. CP (COMPARE-DECIMAL) 





































M : zs : 
inemonic Roles Code Hexadecimal Coienat Object 
Operation Ogetand Facies: Operation Toe Instruction 

Code Code a Length 
Function: 


The contents of operand 1, specified by d, (I, b, ), are algebraically compared with the contents of operand 2, 
specified by d,(1,,b,). 


Object Instruction Format: 


OPERATION 





Operational Considerations: 
a The comparison proceeds from right to left. 
a Operands with 0 values and unlike signs compare as equal. 
= All valid codes representing the same sign are considered equal. 
a Operand 1 and operand 2 may overlap if their least significant bytes coincide. 
s The contents of both operands remain unchanged. 


B The condition code is set as follows: 


to0 (00,,) if operand 1 equals operand 2; 


to 1 (01,) if operand 1 is less than operand 2; 


to2 (10,) if operand 1 is greater than operand 2; or 
- code 3 is not used. 


s Possible program exceptions: 
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Specification (} ACW not on full-word 
boundary) 


Data exception 


1. 





Invalid overlap 


Invalid sign or digit code 


a Relocation and indirection flags (90/60,70): 
- operand 1: RD, !D 
- operand 2: RO, lO 
Operational Differences: 
a 9400/9480 systems 
- If operand 2 is longer than operand 1, the excess high order digits of operand 2 are ignored. 
— If operand 1 is longer than operand 2, data from operand 2 is zero filled to extend the operand. 
a 90/60,70 systems 


- If the operand fields are unequal in length, the shorter field is zero filled to the length of the 
longer. 


- Ali signs and digits are checked for validity and the sign of the result is determined aigebraically. 


Example: 





LABEL A OPERATION A OPERAND A 
16 t4 
acme ao Rina rae nc ce nncena NS SE Steven teeconscecacaseotoncenonce rio essen eareenrantars aa ardeereerseenenssene ermaremeceecarnmnarassanenueueetaraciem enon aobucomne rneerscemaninianromneam= nnn 
ered ae | eee | cP ial es REED Ki EOE ee 
: 
1. The contents of the location labeled VALU are compared with the contents of the location labeled 


INCR. The operand tengths are implied. The condition code is set. 
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5.4. DP (DIVIDE-DECIMAL) 











—” 
Dees Source Code gesaenicg es 
F 
Code Operand Format Code Length 

Function: 

The contents of operand 1 (dividend), specified by d,(1,.b,), are divided by the contents of operand 2 

(divisor), specified by d, (I,,b,). The quotient and remainder are stored in the operand 1 location. 
Object Instruction Format: 

OPERAND 1 

Operational Considerations: ae 


s The tength of operand 1 specified by the Ij field in the instruction is ignored. The length of operand 
1 is determined by scanning operand 1 starting with the most significant digit until a sign code is 
found. 


a The dividend (operand 1) must be longer than the divisor (operand 2). 


a The quotient and remainder occupy the entire operand 1 field. The remainder is right-justified in the 
field, carries the sign of operand 1, and is equal in size to operand 2. The quotient, carrying the 
algebraically determined sign, is right-justified in the rest of the operand 1 field. 


a The maximum dividend (operand 1) size is 31 digits and sign. The maximum quotient size is 29 digits 
and sign. The smallest remainder is one digit and sign. 


o If the number of quotient digits exceeds the size of the quotient field or if division by 0 is attempted, a 
decimal divide exception results; the divisor and dividend remain unchanged in their storage locations. 


a A decimal divide exception occurs if the dividend does not have at least one leading 0. The condition for 
a decimal divide exception can be determined by aligning the leftmost digit of the divisor (operand 2) 
field with the leftmost-less-one digit of the dividend (operand 1) field and performing a subtraction. If, 
when so aligned, the divisor is less than or equal to the dividend, a decimal divide exception is indicated. 


ee 
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a The condition code remains unchanged. 


2 Possible program exceptions: 
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Decimal divide Decimal divide 















Indirect address specification Write protection 


| oncom CUT C—C“Csi‘CSCs*C 


Specification exception 



















1. !ACW not on full-word 


boundary 





Operand 1 is not longer than 
operand 2. 


Data exception 


1, Invalid sign or digit code 





2. Incorrect overlap 


2 Relocation and indirection flags (90/60,70): 
_ operand 1: RD, ID 
- operand 2: RO, !|O 
Operational Differences: 
s 9400/9480 systems 
- Operand 1 and operand 2 fields may not overlap. 
- The maximum divisor (operand 2) length is 31 digits plus sign. 


- Decimal digits greater than 96 are not permitted. The sign portion must contain a sign bit 
configuration greater than 9, 6° 


a 90/60,70 systems 
- Operand 1 and operand 2 fields may overlap if their least significant bytes coincide. 
— The maximum divisor (operand 2) length is 15 digits plus sign. 


_ If a sign is not encountered within the first 16 bytes of data in operand 1, a program exception 
occurs. 


a All signs and digits are checked for validity. 
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Example: 


A OPERATION oa OPERAND A 
16 


1. | The contents of the 7-byte area OR are divided by the contents of the 3-byte area DR. The quotient and 
remainder are placed in QR. 










5.5. MP (MULTIPLY-DECIMAL) 


Mnemoni A ° 
Castine: Source Code peel Format ; panes 
Operand Format Pp nstruction 


Code Type Length 


Function: 





The contents of operand 1 (the multiplicand), specified by d,(l,,b,), are multiplied by the contents of 


operand 2 (the multiplier), specified by d,(1,,b,), and the product is stored in the operand 1 location. 


Object Instruction Format: 


OPERATION 
CODE 





Operational Considerations: 
a The sign of the product is determined algebraically. 
L The size of the multiplier (operand 2) cannot be more than 15 digits and sign. 


a The length of operand 1 specified by the I, field in the instruction is ignored. The length of operand is 
determined by scanning operand 1 starting with the most significant digit until a sign code is found. 


a The number of digits in the product is equal to the number of digits in the operands; therefore, the 
multiplicand (operand 1) must have a field of most significant 0 digits equa! to the number of digits in 
operand 2. The maximum product size is 31 digits plus sign. At least one most significant digit of the 
product field is 0. 
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The condition code remains unchanged. 


Possible program exceptions: 
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Addressing Addressing 


Indirect address specification 
Indirect addressing 


Specification 
1. Multiplier exceeds 15 digits 
2. Operand 1 is not longer than 
operand 2. 
F 1ACW is not on full-word 
boundary. 









Data exception 





1. Invalid sign or digit code 






2. Incorrect overlap 






3: Operand 1 does not have suf- 
ficient high-order zero digits. 






Relocation and indirection flags (90/60,70): 
— operand 1: RD, !D 


_ operand 2: RO, IO 


Operational Differences: 


Example: 





9400/9480 systems 

- Operand 1 and operand 2 may not overlap. 

90/60,70 systems 

- Operand 1 and operand 2 may overlap if their least significant bytes coincide. 


_ All signs and digits are checked for validity. 





PAGE REVISION 








— If the sign if not encountered within the first 16 bytes of data in operand 1, a program exception 


occurs. 


LABEL A OPERATION A QP ERANRD 





of MPL |your(t) RATES) a 


{ 


A 
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1. The contents of the operand HOUR are multiplied by the contents of the operand RATE. The contents 
of the operands may be represented as follows: 


HOUR before execution o00000gNgdERIAIA+ 
RATE before and after execution 99999+ 
HOUR after execution 099g9g9g98OURPNO0OIDOOOI1 + 


5.6. MVO (MOVE-WITH-OF FSET) 


Mnemonic Hexadecimal Object 
Operation 


Source Code Gucsien Format Resaeah 
Operand Format perats nstruction 


, Code Code Type Length 


Function: 





The contents of operand 2, specified by do (l,,b,), are shifted to the left four bits and stored in the operand 1 
location, specified by d, (I, b, ). 


Object Instruction Format: 


OPERATION LENGTH OPERAND 1 
CODE 15] 16 


OPERAND 2 


35,36 





Operational Considerations: 
s This instruction proceeds from right to left. 
a The operands are not checked for valid codes. 


a Overlapping fields may occur. Unless the operands overlap, operand 2 and the least significant four bits 
of operand 1 remain unchanged. 


a If operand 2 is exhausted before operand 1, the remaining operand 1 field is zero filled. If the result 
exceeds the capacity of the operand 1 field, the remaining digits of operand 2 are ignored. This 


operation, in effect, prefixes the least significant digit or sign of operand 1 with the digits of operand 2. 


a The condition code remains unchanged. 
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a Possible program exceptions: 


i 






Specification (1ACW not on full-word 
boundary) 


a Relocation and indirection flags (90/60,70): 


- operand 1: RD, ID 


_ operand 2: RO, 10 


Examples: 








OPERAND A 











4 ess ORIGC4 55d ot i eo 










1. The contents of the 3-byte area in main storage specified by ORIG are moved with offset to the main 
storage location specified by DEST. The contents of the operand may be represented as follows: 


DEST before execution CBAFEDCBAt+ 
ORIG before and after execution 246891 
DEST after execution O00246891+ 


2. The 4-byte area in main storage specified by VAL is moved with offset to the main storage specified by 
VAL. The contents of the operands may be represented as follows: 


VAL before execution 2356890 
VAL after execution 356890++ 
The digit 2, which is in VAL before execution, is lost. 
3. The 4-byte area in main storage specified by MAR is moved with offset to the main storage specified by 
MAR 1; this effectively results in a shift to the right of one byte and an offset to the left of four bits. 
The contents of the operands may be represented as follows: 


MAR before execution 987654321+ 


MAR after execution 098765432 + 
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Operand 1 encompasses four bytes on the right end of a5-byte MAR. Operand 2 encompasses four bytes 
on the left end of a 5-byte MAR. The move-with-offset instruction moves operand 2 to operand 1, 





offsetting the data four bits. The move is in effect a 4-bit shift to the right. 
5.7. PACK (PACK) 
Mnemonic Hexadecimal Object 
Operation Oo Eee - Operation Instruction 
Code " . Code Length 
Function: 
The contents of operand 2, specified by d, (I, ,b, ), are converted from unpacked (zoned) format to packed 
format and placed in the operand 1 location, specified by d, (I, », ). This instruction prepares the operand for 
decimal arithmetic operations. 
Object Instruction Format: 
OPERATION LENGTH OPERAND 1 
CODE 15] 16 19,20 





Operational Considerations: 

a This instruction transfers the decimal portion of an unpacked byte in operand 2 to a byte in operand 1, 
packing two decimal digits (four bits each) into a single byte. The sign of the operand 2 field (four most 
significant bits of the least significant byte) is transferred into the four least significant bits of the least 
significant byte of operand 1. The result is automatically padded with a leading O, if necessary, to cause 
the number to begin on a byte boundary. The operation is performed in the manner illustrated: 

Unpacked zone-digit format operand 2 Z42Z 3 Z 2 sign7 
Packed digit-digit format operand 1 0 4 3 2 7sign 
where: 
Z represents the zone portion. 
7 If operand 2 does not fill operand 1, the remaining operand 1 field is zero filled. 


a If the result exceeds the capacity of the operand 1 field, the remaining operand 2 digits are ignored. 


a The operands are not checked for valid codes. 
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2 Overlapping fields may occur; each resultant byte is processed after each operand byte. The instruction 
proceeds from right to left. 


a The condition code remains unchanged. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 







a 
i 


Specification (LACW not on full-word 
boundary) 


a Relocation and indirection flags (90/60,70): 






- operand 1: RD, ID 


- operand 2: RO, |O 


Examples: 





tt tssen Ct TN ON SERED ARR SH HE IOS Na 


LABEL A OPERATION A OPERAND A 


1. The contents of operand 2, specified by NMBR, are 10 decimal digits and sign. The sign and digits are 
transferred to the operand 1 location, ARIT, according to the following representation: 






















NMBR Z222Z242Z2628212325272Z9 sign6 
ARIT 024681357 9 6sign 


2. Same as example 1, except operand 2 contains 11 decimal digits and sign. The transfer is made according 
to the following representation: 


NMBR Z29Z2827262524232221 Z Osign2 


ARIT 987654321 0 2sign 


5.8. SP (SUBTRACT-DECIMAL) 


Mnemonic Ssiiics Code Hexadecimal Format Object 
Operation Operation Instruction 
Operand Format 


Code Code Type Length 
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Function: 


The contents of operand 2, specified by d, (I abo), are subtracted from the contents of operand 1, specified by 
d, (I, b, ), and the result is placed in the operand 1 location. 


Object Instruction Format: 


OPERATION LENGTH OPERAND 1 
=a 15| 16 19)20 





Operational Considerations: 


a Subtraction is accomplished by reversing the sign of operand 2 and performing a decimal add. The 
contents and sizes of operand 2 are not affected by this operation. 


a The sign of the result is determined algebraically. 
a A 0 result has a positive sign when the operation is completed without overflow. 


. When most significant digits are lost because of overflow, the partial result has the sign which the correct 
result would have had. 


= If operand 2 is shorter than operand 1, operand 2 is extended with O digits. 


s An overflow condition results if the capacity of the operand 1 field is exceeded by the result or if the 
carry out of the most significant digit position of the result field is lost. 


a Operand 1 and operand 2 may overlap if their least significant bytes coincide. 
8 The condition code is set as follows: 

— to 0 (00,,) if result is 0; 

- to 1 (01,) if result is less than 0; 

_ to2 (10,) if result is greater than 0; or 

— to 3(11,) if overflow occurs. 


a Possible program exceptions: 
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ee 
a 


peunia To . 


boundary) 
a Relocation and indirection flags (90/60,70): 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 







Data exception 







1, Invalid sign or digit code 






2. Incorrect overlap 





- operand 1: RD, 1D 
— operand 2: RO, !O 
Operational Differences: 
a 9400/9480 systems 
If operand 2 is longer than operand 1, the excess high order digits of operand 2 are ignored. 
a 90/60,70 systems 
All signs and digits are checked for validity. 


Example: 







A OPERATION A OPERAND A 
H 10 16 


fae. ess Gen Ser 
432. me BS CARD Fe CA oe ae es ee oe Es oe Oe vee ees ee AE es te ee ney Fae 


1. The sign of operand 2, specified by CARD, is reversed and the result is added to the contents of operand 
1, specified by RES. 
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5.9. UNPK (UNPACK) 


Mnemonic ‘Sues Goda Hexadecimal 


Operand Format 


Object 
: 7 Format . 
Operation Operation Tite Instruction 
Code Code it Length 


Function: 





The contents of operand 2, specified by d, (l,,b,), are converted from packed format to unpacked (zoned) 
format and placed in the operand 1 location, specified by d, (I, ib, ). 


Object Instruction Format: 


OPERATION LENGTH OPERAND 1 
CODE 15] 16 19/20 





Operational Considerations: 


a The decimal data of operand 2 is transferred sequentially, right to left, to the numeric portion of each 
operand 1 byte. The zone supplied depends on the state of the A mode of the current program status 
word (PSW) (1 111, for EBCDIC, 0011, for ASCI!). 


o The sign in the packed operand, located in the four least significant bits of the least significant byte of 
operand 2, is transferred to the four most significant bits of the least significant byte of operand 1, as 
shown in the illustration: 


Packed digit-digit format operand 2 0 4 3 2 7 sign 
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Unpacked zone-digit format operand 1 20242 3 Z 2 sign7 


where: 


Z represents the zone portion 


| If operand 2 does not completely fill operand 1, the remaining operand 1 bytes are set to 0 with the 
appropriate zone. 


a If the result exceeds the capacity of the operand 1 field, the remaining operand 2 digits are ignored. 

= The operands are not checked for valid codes. 

a Overlapping fields may occur; each result byte is processed after processing each operand 2 byte. Except 
for the least significant operand 2 byte, containing the sign, each operand 2 byte produces two result 
bytes. If the operand fields are to be overlapped, the least significant position of operand 1 must be to 
the right of the least significant position of operand 2 by the number of bytes in operand 2 minus 2. If 
one or two bytes are to be unpacked, the least significant positions of the operands may coincide. 


a The condition code remains unchanged. 


a Possible program exceptions: 


Addressing Addressing 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 


RSMo oe salen eee ed 


Specification (LACW not on full-word 
boundary) 





a Relocation and indirection flags (90/60,70): 
- operand 1: RD, ID 


_ operand 2: RO, 10 
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Example: 


A OPERATION A OPERAND A 
16 








1. Assume the contents of operand 2, specified by DIGT, to be 2468901. To unpack the 4-byte operand 2 
field, it is necessary to have a 7-byte operand 1 field. The fength of operand 1 equals the length of 
operand 2 in bytes times 2 minus 1. 


The contents of the operands appear as follows: 
DIGIT 246890 1 sign 


ZONE Z2Z2426282Z9 Z 0 signi 


5.10. ZAP (ZERO-AND-ADD) 


Mnemonic Hexadecimal Object 
Operation 


Source Code Operatict Format Paci 
Operand Format ra nstruction 


Code Code Tes Length 


Function: 





Operand 1, specified by d, (I,,b, ); is cleared to 0, the contents of operand 2, specified by d,(I,,b,), are added 
to the contents of operand 1. 


Object Instruction Format: 





OPERATION 








Operational Considerations: 


a The zero-and-add instruction is equivalent to the add-decimal instruction with 0 as the contents of 
operand 1. 
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o A 0 result has a positive sign, except when digits are lost due to overflow. In this case, a 0 result has the 
sign of operand 2. 


a If operand 2 does not fill the operand 1 field, operand 2 is extended with 0’s. 


a Operand 1 and operand 2 may overlap if their least significant bytes coincide, or if the least significant 
byte of operand 1 is to the right of the rightmost byte of operand 2. 


2 The condition code is set as follows: 


to0 (00, ) if result is 0; 


I 


to 1 (01,) if result is less than 0; 


to 2 (10,) if result is greater than 0; or 


- code 3 is not used. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
Addressing Addressing 










boundary) 
a Relocation and indirection flags (90/60,70): 









Data exception 





1. Invalid sign or digit code 







2. Incorrect overlap 





_ operand 1: RD, ID 


operand 2: RO, |O 
Operational Differences: 


a 9400/9480 systems 


If operand 2 is longer than operand 1, the most significant digits of operand 2 are ignored. 
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s 90/60,70 systems 


If operand 2 is longer than operand 1 and significant digits are lost, a decimal overflow condition will 
occur. 


All signs and digits of operand 2 are checked for validity. 


Examples: 


OPERAND A 






: cron, &4 ae eer ewes eh 


Ne The contents of the 4-byte operand labeled UNIT are added to the area in main storage specified by the 
label EXPN after EXPN has been forced to 0. The contents of the operands may be represented as 


follows: 
EXPN before execution 1OCCFFQOFF2F3A7 
UNIT before and after execution 39 17238A 
EXPN after execution 0000003917238 C 


2. The contents of main storage labeled STOR are not changed unless the sign is modified in the addition. 
The condition code is set. 
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6. Floating—Point Instructions— 
90/60,70 


6.1. GENERAL 


The floating-point instruction set is provided on the SPERRY UNIVAC 90/60,70 Systems only. This instruction set 
is added to the 90/60,70 systems instruction repertoire as part of the Floating-Point Control Feature, F1334—00. 
An operation exception results if a floating-point instruction is issued to a processor in which the floating-point 
control feature has not been installed. 


The floating-point instruction set provides for loading, adding, subtracting, comparing, multiplying, dividing, storing, 
and sign control of short or long format floating-point operands. See 1.3.2 for information concerning the manner in 
which floating-point numbers are represented and their sign codes established. Four double-word floating-point 
registers are provided to accommodate storing and loading of results and operands. These registers are numbered O, 
2, 4, and 6. The specification of any other register number results in a specification exception. For long format 
operands, the entire double-word register is involved in the operation. For short format operands, excluding the 
product in the short format multiply instruction, only the most significant word of the double-word register is 
involved in the operation. The least significant word remains unchanged. 


The floating-point instructions are available in RR and RX formats. Therefore, at least one of the operands is 
contained in one of the floating-point registers. The other operand is located in the same or another register or in 
main storage. Each main storage address may be specified as relative or absolute and direct or indirect under control 
of the applicable relocation register flags. 


To increase the precision of certain computations, an additional least significant digit, the guard digit, is carried 
within the hardware in the intermediate result of the following operations: add-normalized, subtract-normalized, 
add-unnormalized, subtract-unnormalized, compare, halve, and multiply. In the execution of add-normalized, 
subtract-normalized, add-unnormalized, subtract-unnormalized, and compare instructions, when a right shift of the 
fraction is required to equalize two exponents, the last hexadecimal! digit to be shifted out of the least significant 
digit position of the fraction is saved by the processor hardware as the guard digit. The shifted fraction, including the 
guard digit, is used in computing the intermediate result. In the halve instruction, the least significant bit position of 
the fraction is saved as the most significant bit position of the guard digit. In the long format multiply instruction, 
the guard digit is carried as the fifteenth digit of the fraction of the intermediate product. If the intermediate result 
is subsequently normalized, the guard digit is shifted left to become part of the normalized fraction. 


This section describes the operation of each floating-point instruction. The instructions are arranged in alphabetical 
order according to mnemonic operation code. Each description includes a list of the possible program exceptions 
and condition codes which may result. The relocation and indirection flags pertinent to each operand are also listed. 
See Table 3—1 for an explanation of the abbreviations used in describing instruction formats. 








7935 Rev. 1 
UP-NUMBER 


SPERRY UNIVAC Operating System/4 










PAGE REVISION 


6.2. AD (ADD-NORMALIZED, LONG FORMAT) — 90/60,70 


M i : ; 
Gecuiee Source Code oe Object 
Operand Format peration nstruction 


Code Code Length 





Function: 


The double-word contents of operand 2, specified by d,(x,,b,), are algebraically added to the double-word 
contents of operand 1, specified by ry The normalized sum is placed in operand 1. 


Operational Considerations: 
. Floating-point addition 


Floating-point addition consists of exponent equalization and fraction addition. If the exponents are 
equal, the fractions are added to form an intermediate sum. If the exponents are unequal, the smaller 
exponent is subtracted from the larger. The difference indicates the number of hexadecimal digit shifts 
to the right to be performed on the fraction having the smaller exponent. Each hexadecimal digit shift to 
the right causes the exponent to be increased by 1. After equalization, the fractions are added to form 
an intermediate sum. 


A carry out of the most significant hexadecimal digit position of the intermediate sum causes the 
intermediate sum to be shifted right one digit position and the exponent to be increased by 1. If an 
exponent overflow condition occurs, the resultant floating-point number consists of a normalized and 
correct fraction, a correct sign, and an exponent which is 128 less than the correct value. 


a Normalization 


The intermediate sum is composed of 14 hexadecimal digits, a guard digit (6.1), and a possible carry. If 
any most significant digits of the intermediate sum are O, the fraction including the guard digit is shifted 
left to form a normalized fraction. Vacated least significant digit positions are zero filled and the 
exponent is reduced by the number of shifts. If normalization is unnecessary, the guard digit is lost. 


a Exponent underflow 


If normalization causes the exponent to become less than 0, an exponent underflow condition results. If 
the exponent underflow mask bit of the current program status word (PSW) is 1, the resultant 
floating-point number has a correct and normalized fraction, a correct sign, and an exponent which is 
128 more than the correct value. If the exponent underflow mask of the current PSW is 0, the result is a 
true 0. The exponent underflow condition causes a program interrupt if the exponent underflow mask 
bit and the program exception mask bit of the current PSW are 1. 


a Zero result 


If the intermediate sum, including the guard digit, is 0, a significance exception exists. If the significance 
mask bit of the current PSW is 1, the result is not normalized and the exponent remains unchanged. If 
the significance mask bit of the current PSW is 0 and the intermediate sum is 0, the result is made a true 
0. Exponent underflow cannot occur for a O fraction. The significance exception causes a program 
interrupt if the significance mask bit and the program exception mask bit of the current PSW are 1. 
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. The sign of an arithmetic result is determined algebraically. The sign of a result with a 0 fraction is 
always positive. 


2 The condition code is set as follows: 


tod (00,) if the result fraction is 0; 


to 1 (01,) if the result fraction is less than 0; 


to 2 (10,) if the result fraction is greater than 0; or 
— code 3 is not used. 

a Possible program exceptions: 
- addressing exception 


_ exponent overflow exception 


- exponent underflow exception 
_ indirect address specification exception 
_ indirect addressing exception 
_ operation exception 
Me - protection exception 
— significance exception 


_ specification exception (operand 2 not on double-word boundary or |ACW not on full-word 
boundary; or operand 1 register is not 0,2, 4, or 6) 


s Relocation and indirection flags: 


- operand 1: none 


_ operand 2: RO, 10 


Example: 





LABEL A OPERATION A OPERAND A 


into ninaguadonauaiptinngietoencetietiors senna 





1. The double-word contents of floating-point register 4 and the main storage location labeled DEND are 
added. The result is placed in register 4. 







7935 Rev. 1 
UP-NUMBER 


SPERRY UNIVAC Operating System/4 










PAGE REVISION 






6.3. ADR (ADD-NORMALIZED, LONG FORMAT) — 90/60,70 






























Mnemoni i j 
ne Ome Source Code Hexadecimal Format Object 
Operation Oparand Foret Operation Type Instruction 
Code Code ue Length 
ee ee 
Function: 


The double-word contents of operand 2, specified by ro, are algebraically added to the double-word contents 
of operand 1, specified by ry: The normalized sum is placed in operand 1. 


Operational Considerations: 
a Floating-point addition 


Floating-point addition consists of exponent equalization and fraction addition. If the exponents are 
equal, the fractions are added to form an intermediate sum. If the exponents are unequal, the smaller 
exponent is subtracted from the larger. The difference indicates the number of hexadecimal digit shifts 
to the right to be performed on the fraction having the smaller exponent. Each hexadecimal digit shift to 
the right causes the exponent to be increased by 1. After equalization, the fractions are added to form 
_an intermediate sum. 


A carry out of the most significant hexadecimal digit position of the intermediate sum causes the 
intermediate sum to be shifted right one digit position and the exponent to be increased by 1. If an 
exponent overflow condition occurs, the resultant floating-point number consists of a normalized and 
correct fraction, a correct sign, and an exponent which is 128 less than the correct value. 


L Normalization 


The intermediate sum is composed of 14 hexadecimal digits, a guard digit (6.1), and a possible carry. If 
any most significant digits of the intermediate sum are O, the fraction including the guard digit is shifted 
left to form a normalized fraction. Vacated least significant digit positions are zero filled and the 
exponent is reduced by the number of shifts. If normalization is unnecessary, the guard digit is lost. 


a Exponent underflow 


If normalization causes the exponent to become less than 0, an exponent underflow condition results. If 
the exponent underflow mask bit of the current PSW is 1, the resultant floating-point number has a 
correct and normalized fraction, a correct sign, and an exponent which is 128 more than the correct 
value. If the exponent underflow mask of the current PSW is O, the result is a true 0. The exponent 
underflow condition causes a program interrupt if the exponent underflow mask bit and the program 
exception mask bit of the current PSW are 1. 


s Zero result 


If the intermediate sum, including the guard digit, is 0, a significance exception exists. If the significance 
mask bit of the current PSW is 1, the result is not normalized and the exponent remains unchanged. If 
the significance mask bit of the current PSW is O and the intermediate sum is 0, the result is made a true 
0. Exponent underflow cannot occur for a 0 fraction. The significance exception causes a program 
interrupt if the significance mask bit and the program exception mask bit of the current PSW are 1. 
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a The sign of an arithmetic result is determined algebraically. The sign of a result with a O fraction is 
always positive. 


. The condition code is set as follows: 


to 0 (00,) if the result fraction is 0; 


to 1 (01,) if the result fraction is less than 0; 


to2 (10,) if the result fraction is greater than 0; or 


code 3 is not used. 


a Possible program exceptions: 
- exponent overflow exception 
- exponent underflow exception 
— operation exception 
~- significance exception 


- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 


Example: 





1. The double-word contents of floating-point registers 2 and 4 are added and the result is placed in register 2. 


6.4. AE (ADD-NORMALIZED, SHORT FORMAT) — 90/60,70 


. r Obj ect 
Minemnonvy Source Code Hexadeci mal Format 1 3 
Operation Operation Instruction 


Code ype Length 


rgb 


Operand Format 


Code 





Function: 


The full-word contents of operand 2, specified by d,(x,,b,), are algebraically added to the full-word contents 
of operand 1, specified by ry The normalized sum is placed in operand 1. 
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Operational Considerations: 


Floating-point addition 


Floating-point addition consists of exponent equalization and fraction addition. If the exponents are 
equal, the fractions are added to form an intermediate sum. If the exponents are unequal, the smaller 
exponent is subtracted from the larger. The difference indicates the number of hexadecimal digit shifts 
to the right to be performed on the fraction having the smaller exponent. Each hexadecimal digit shift to 
the right causes the exponent to be increased by 1. After equalization, the fractions are added to form 
an intermediate sum. 


A carry out of the most significant hexadecimal digit position of the intermediate sum causes the 
intermediate sum to be shifted right one digit position and the exponent to be increased by 1. If an 
exponent overflow condition occurs, the resultant floating-point number consists of a normalized and 
correct fraction, a correct sign, and an exponent which is 128 less than the correct value. 


Normalization 


The intermediate sum is composed of six hexadecimal digits, a guard digit, and a possible carry. If any 
Most significant digits of the intermediate sum are 0, the fraction including the guard digit is shifted left 
to form a normalized fraction. Vacated least significant digit positions are zero filled and the exponent is 
reduced by the number of shifts. If normalization is unnecessary, the guard digit is lost. 


Exponent underflow 

!f normalization causes the exponent to become less than 0, an exponent underflow condition results. If 
the exponent underflow mask bit of the current PSW is 1, the resultant floating-point number has a 
correct and normalized fraction, a correct sign, and an exponent which is 128 more than the correct 
value. If the exponent underflow mask of the current PSW is 0, the result is a true 0. The exponent 
underfiow condition causes a program interrupt if the exponent underflow mask bit and the program 
exception mask bit of the current PSW are 1. 

Zero result 

If the intermediate sum, including the guard digit, is 0, a significance exception exists. If the significance 
mask bit of the current PSW is 1, the result is not normalized and the exponent remains unchanged. If 
the significance mask bit of the current PSW is 0, and the intermediate sum is 0, the result is made a true 
0. Exponent underflow cannot occur for a O fraction. The significance exception causes a program 


interrupt if the significance mask bit and the program exception mask bit of the current PSW are 1. 


The sign of an arithmetic result is determined algebraically. The sign of a result with a O fraction is 
always positive. 


The condition code is set as follows: 

_ to 0 (00,) if the result fraction is 0; 

_ to 1 (01,) if the result fraction is less than 0; 

- to 2 (10,) if the result fraction is greater than 0; or 


_ code 3 is not used. 
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a Possible program exceptions: 


_ addressing exception 

x exponent overflow exception 

— exponent underflow exception 

- indirect address specification exception 
- indirect addressing exception 

- operation exception 

- protection exception 

_ significance exception 


- specification exception (operand 2 not on full-word boundary or [ACW not on full-word 
boundary; or operand 1 register is not 0,2, 4, or 6) 


a Relocation and indirection flags: 
— operand 1: none 
— operand 2: RO, 10 


Example: 









LABEL A OPERATION A OPERAND A 


10 





pos scncecrseneas outcasts cnr sacs Yowebaracancsennow vty ONS tig iene neeoNaY 


— 
ROLL... tee io pests Dah ng RO ie See TS he bt dail 


1. The full-word contents of floating-point register 6 and the main storage location FULL are added. The 
result is placed in register 6. 


6.5. AER (ADD-NORMALIZED, SHORT FORMAT) — 90/60,70 


Mnemonic i Object 
; Source Code pexaciect ioe Format : ; 
Operation Operation Instruction 


Operand Format Type 


Code Code 





Sunction: 


The full-word contents of operand 2, specified by Tp ,are algebraically added to the full-word contents of 
operand 1, specified by ry: The normalized sum is placed in operand 1. 
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Operational Considerations: 


Floating-point addition 


Floating-point addition consists of exponent equalization and fraction addition. If the exponents are 
equal, the fractions are added to form an intermediate sum. If the exponents are unequal, the smaller 
exponent is subtracted from the larger. The difference indicates the number of hexadecimal digit shifts 
to the right to be performed on the fraction having the smaller exponent. Each hexadecimal digit shift to 
the right causes the exponent to be increased by 1. After equalization, the fractions are added to form 
an intermediate sum. 


A carry out of the most significant hexadecimal digit position of the intermediate sum causes the 
intermediate sum to be shifted right one digit position and the exponent to be increased by 1. If an 
exponent overflow condition occurs, the resultant floating-point number consists of a normalized and 
correct fraction, a correct sign, and an exponent which is 128 less than the correct value. 


Normalization 


The intermediate sum is composed of six hexadecimal digits, a guard digit, and a possible carry. If any 
Most significant digits of the intermediate sum are 0, the fraction including the guard digit is shifted left 
to form a normalized fraction. Vacated least significant digit positions are zero filled and the exponent is 
reduced by the number of shifts. If normalization is unnecessary, the guard digit is lost. 


Exponent underflow 

tf normalization causes the exponent to become less than 0, an exponent underflow condition results. If 
the exponent underflow mask bit of the current PSW is 1, the resultant floating-point number has a 
correct and normalized fraction, a correct sign, and an exponent which is 128 more than the correct 
value. If the exponent underflow mask of the current PSW is 0, the zesult is a true 0. The exponent 
underflow condition causes a program interrupt if the exponent underflow mask bit and the program 
exception mask bit of the current PSW are 1. 

Zero result 

If the intermediate sum, including the guard digit, is 0, a significance exception exists. If the significance 
mask bit of the current PSW is 1, the result is not normalized and the exponent remains unchanged. If 
the significance mask bit of the current PSW is 0 and the intermediate sum is 0, the result is made a true 
0. Exponent underflow cannot occur for a O fraction. The significance exception causes a program 


interrupt if the significance mask bit and the program exception mask bit of the current PSW are 1. 


The sign of an arithmetic result is determined algebraically. The sign of a result with a 0 fraction is 
always positive. 


The condition code is set as follows: 

- to0 (00,) if the result fraction is 0; 

- to 1 (01 2) if the result fraction is less than 0; 

- to 2 (10,) if the result fraction is greater than 0; or 


_ code 3 is not used. 
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L Possible program exceptions: 


- exponent overflow exception 

- exponent underflow exception 

- operation exception 

- significance exception 

— specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
= Relocation and indirection flags: none 


Example: 





A OPERATION A OPERAND A 





LABEL 


‘ 
| Send Eel GO eR MOR Ses PRON ATE oie? Woh amerope fea eres Meee Geral Soe 


1. The full-word contents of floating-point registers 4 and 6 are added and the result is placed in register 4. 


6.6. AU (ADD-UNNORMALIZED, SHORT FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 


Operation saiics Core Operation Instruction 
Operand Format 


Code Code Length 


Function: 





The full-word contents of operand 2, specified by d,(x,,b,), are algebraically added to the full-word contents 
of operand 1, specified as ry The sum is placed in operand 1. 


Operational Considerations: 


a The execution of the AU instruction is identical to the AE instruction, except that the sum is not 
normalized before being placed in operand 1. 


a The condition code is set as follows: 


tod (00,) if result is 0; 


to 1 (01,) if result is less than 0; 


to2 (10,) if result is greater than 0; or 


- code 3 is not used. 
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] Possible program exceptions: 
= addressing exception 
- exponent overflow exception 
- indirect address specification exception 
- indirect addressing exception 
_ operation exception 
- protection exception 
_ significance exception 


_ specification exception (operand 2 or [ACW not on full-word boundary; or operand 1 register is 
not 0, 2, 4, or 6) 


a Relocation and indirection flags: 
~ operand 1: none 
_ operand 2: RO, !O 


Example: 





A ae SATION A OPER AND A 


Ww 






Te, UNDR 











1. The full-word contents of floating-point register 6 and main storage location UNOR are added and the 
result is placed in register 6. 


6.7. AUR (ADD-UNNORMALIZED, SHORT FORMAT) — 90/60,70 


Mnemonic A i 
Operation Source Code cas Format , ae 
Operand Format peration nstruction 


Code Code Type Length 
ee ee oe ee 


Function: 





The full-word contents of operand 2, specified by ro, are algebraically added to the full-word contents of 
operand 1, specified as TY The sum is placed in operand 1. 
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Operational Considerations: 


a The execution of the AUR instruction is identical to the AER instruction, except that the sum is not 
normalized before being placed in operand 1. 


a The condition code is set as follows: 
— to 0 (00,) if result is 0; 
— to1 (01,) if result is less than 0; 
— to2 (10,) if result is greater than 0; or 
- code 3 is not used. 
= Possible program exceptions: 
- exponent overflow exception 
_ Operation exception 
_ significance exception 
~ specification exception (operand 1 or operand 2 register is not O, 2, 4, or 6) 
o Relocation and indirection flags: none 


Example: 





OPERAND A 





1. The full-word contents of floating-point registers 6 and 2 are added and the result is placed in register 6. 


6.8. AW (ADD-UNNORMALIZED, LONG FORMAT) — 90/60,70 


papal Hexadecimal 
Operation Source Code 


Operand Format 


F Object 

2 ormat ‘ 

Operation T Instruction 
Code yRe Length 


Code 


Function: 





The double-word contents of operand 2, specified by d,(x,,b,), are algebraically added to the double-word 
contents of operand 1, specified by i. The sum is placed in operand 1. 
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Operational Considerations: 


a The execution of the AW instruction is identical to the AD instruction, except that the sum is not 
normalized before being placed in operand 1. 


a The condition code is set as follows: 


tod (00,) if result is 0; 


tol (01,) if result is less than 0; 


to2 (10,) if result is greater than O; or 
_ code 3 is not used. 

L Possible program exceptions: 
- addressing exception 
- exponent overflow exception 


- indirect address specification exception 


_ indirect addressing exception 


— _ Operation exception 


— protection exception ae 


— significance exception 


- specification exception (operand 2 not on double-word boundary or |[ACW not on full-word 
boundary; or operand 1 register is not 0, 2, 4, or 6) 


s Relocation and indirection flags: 
_ operand 1: none 
_ operand 2: RO, 10 


Example: 


A OPERATION A OPERARD A 
10 16 






aie Canes eee eee L a eee erren 


1. The double-word contents of floating-point register 4 and the main storage location WERE are added 
and the result is placed in register 4. 
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6.9. AWR (ADD-UNNORMALIZED, LONG FORMAT) — 90/60,70 


Mnemonic . ‘ 
Operati a Source Code Sonat ley Format ; Object 
Operand Format peration Tie nstruction 


Code Code Length 


a 





Function: 


The double-word contents of operand 2, specified by ro, are algebraically added to the double-word contents 
of operand 1, specified as are The sum is placed in operand 1. 


Operational Considerations: 


a The execution of the AWR instruction is identical to the ADR instruction, except that the sum is not 
normalized before being placed in operand 1. 


a The condition code is set as follows: 


to0 (00,) if result is 0; 


to 1 (01,) if result is less than 0; 


to 2 (10,) if result is greater than 0; or 


code 3 is not used. 


a Possible program exceptions: 


— exponent overflow exception 


operation exception 
- significance exception 
— specification exception (operand 1 or operand 2 register is not O, 2, 4, or 6) 


a Relocation and indirection flags: none 


Example: 


OPERAND A 


|. Sa ER: or PO wee ¥Y. Lt — pb Foot OP ae CO es a SPP Oe RY POO ed CR ess 


1. The double-word contents of floating-point registers 2 and 6 are added and the result is placed in register 2. 








ie ce ete Sh sa Ss a Oe 
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6.10. CD (COMPARE, LONG FORMAT) — 90/60,70 


Mnemonic , : 
Operation Source Code tle Format Sue 
Operand Format peratio nstruction 


Code Type Length 


Code 





Function: 


The double-word contents of operand 1, specified by ry, are algebraically compared with the double-word 
contents of operand 2, specified by do (x, b,). 


Operational Considerations: 


a Comparison is accomplished by the rules for normalized floating-point subtraction. The operands are 
equal when the intermediate sum, including the guard digit, is 0. 


a Operands with O fractions compare as equal even when their signs or exponents are different. 


a The condition code is set as follows: 


to0 (00,) when operand 1 equals operand 2; 


to 1 (01,) when operand 1 is less than operand 2; 


to2 (10,) when operand 1 is greater than operand 2; or 
_ code 3 is not used. 


a Possible program exceptions: 


addressing exception 

_ indirect address specification exception 
_ indirect addressing exception 

- operation exception 

- protection exception 


_ specification exception (operand 2 not on double-word boundary or tACW not on full-word 
boundary; or operand 1 register is not 0, 2, 4, or 6) 


s Relocation and indirection flags: 
- operand 1: none 


_ operand 2: RO, 10 
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Example: 












A OPERATION A CPERAND A 
16 16 


KF t PARE... FE (PE es CC Bee 70 Re CT Re RE Se Oy PO ee Ce Os 


1. The double-word contents of floating-point register 4 and main storage location PARE are compared and 
the condition code is set. 


LABEL 





6.11. CDR (COMPARE, LONG FORMAT) ~— 90/60,70 


Mnemonic H 2 : 
Operation Source Code a Format seh 
Operand Format Pp Type nstruction 


Code Code Length 
a 


Function: 





The double-word contents of operand 1, specified by r,, are algebraically compared with the double-word 
contents of operand 2, specified by ro. 


Operational Considerations: 


= Comparison is accomplished by the rules for normalized floating-point subtraction. The operands are 
equal when the intermediate sum, including the guard digit, is 0. 


L Operands with 0 fractions compare as equal even when their signs or exponents are different. 


e The condition code is set as follows: 


to0 (00,,) when operand 1 equals operand 2; 


to 1 (01,) when operand 1 is less than operand 2; 


to 2 (10,,) when operand 1 is greater than operand 2; or 


code 3 is not used. 


a Possible program exceptions: 
operation exception 
- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 
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Example: 
oie ess ene ostinato cero res open nso et eee stab ary ane Sn eu bon mgmt tneni timic — 
A GPERATION A GPERAND A 
/. W124 itdedect Ei eek eed a eR 
1. The double-word contents of floating-point registers 2 and 4 are compared and the condition code is set. 
6.12. CE (COMPARE, SHORT FORMAT) — 90/60,70 
sca _snure Cae ee, he ees |) as 
perand Format Code Type Length 
Function: 
The full-word contents of operand 1, specified by r,, are algebraically compared with the full-word contents 
of operand 2, specified by d,(x,,b,). 
Operational Considerations: 
a Comparison is accomplished by the rules for normalized fixed-point subtraction. The operands are equal ep 
when the intermediate sum, including the guard digit, is 0. 
a Operands with O fractions compare as equal even when their signs or exponents are different. 
= The condition code is set as follows: 
- to0 (00.) when operand 1 equals operand 2; 
= to 1 (01,) when operand 1 is less than operand 2; 
= to2 (10,) when operand 1 is greater than operand 2; or 
a code 3 is not used. 
a Possible program exceptions: 
- addressing exception 
- indirect address specification exception 
- indirect addressing exception 
- operation exception 
_ protection exception 


- specification exception (operand 2 or [ACW not on full-word boundary; or operand 1 register is 
not 0, 2, 4, or 6) 
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a Relocation and indirection flags: 














_ operand 1: none 
_ operand 2: RO, !O 
Example: 
A OPERATION A OPER AND “A 
16 
|. | o,etar | easel 
1. The full-word contents of floating-point register 0 and main storage location GIAR are compared and 
the condition code is set. 
6.13. CER (COMPARE, SHORT FORMAT) — 90/60,70 
Mnemonic Sutin eine Hexadecimal Object 
Operation Cnaiand Fornat Operation Instruction 
Code e Code Length 
a 
ond Function: 


The full-word contents of operand 1, specified by r,, are algebraically compared with the full-word contents 
of operand 2, specified by ry. 


Operational Considerations: 


s Comparison is accomplished by the rules for normalized floating-point subtraction. The operands are 
equal when the intermediate sum, including the guard digit, is 0. 


s Operands with 0 fractions compare as equal even when their signs or exponents are different. 
a The condition code is set as follows: 

- to0 (00,) when operand 1 equals operand 2; 

- to 1 (01,) when operand 1 is less than operand 2; 

= to2 (10,) when operand 1 is greater than operand 2; or 

- code 3 is not used. 
s Possible program exceptions: 

- operation exception 


- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
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s Relocation and indirection flags: none 


Example: 





1. The full-word contents of floating-point registers 0 and 6 are compared and the condition code is set. 


6.14. DD (DIVIDE, LONG FORMAT) — 90/60,70 


M . . . 
ne Source Code Hexadecimal Format Obiect 
Operation Operation Instruction 


Code Type Length 


Operand Format 


Code 





Function: 


The double-word contents of operand 1 (dividend), specified by ry, are divided by the double-word contents 
of operand 2 (divisor), specified by d,(x,,b,). The normalized quotient is placed in operand 1. The remainder 
is not preserved. 


Operational Considerations: 


a Floating-point division consists of exponent subtraction and fraction division. The intermediate quotient 
exponent is obtained by subtracting the exponents of the two operands and increasing the difference by 
64. 


a Both operands are normalized before division (6.2). Consequently, the intermediate quotient is correctly 
normalized or a right shift of one digit position may be required. The exponent of the intermediate 
result is increased by 1 if the shift is necessary. All operand 1 fraction digits are used in forming the 
quotient even if the normalized operand 1 fraction is larger than the normalized operand 2 fraction. 


a If the final quotient exponent exceeds 127, an exponent overflow exception results. The quotient 
consists of the correct and normalized fraction, a correct sign, and an exponent which is 128 less than 
the correct value. 


s If the final quotient exponent is less than 0, an exponent underflow condition exists. !f the exponent 
underflow mask bit of the current PSW is 1, the quotient has a correct and normalized fraction, a correct 
sign, and an exponent which is 128 greater than the correct value. If the exponent underflow mask bit of 
the current PSW is 0, the result is made a true 0. Underflow does not apply to the intermediate result or 
the operands during normalization. An exponent underflow exception causes a program interrupt if the 
exponent underflow mask bit and the program exception mask bit of the current PSW are 1. 


a Attempted division by a divisor with a O fraction leaves the dividend unchanged and a program 
exception for floating-point divide occurs. When division of a O dividend is attempted, the quotient 
fraction is 0. The quotient sign and exponent are made 0, giving a true 0 result. No program exceptions 
occur. 
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s The condition code remains unchanged. 























a Possible program exceptions: 
= addressing exception 
_ exponent overflow exception 
_ exponent underflow exception 
— floating-point divide exception 
- indirect address specification exception 
_ indirect addressing exception 
- operation exception 
- protection exception 
- specification exception (operand 2 not on double-word boundary, or !ACW not on full-word 
boundary, or operand 17 register is not 0, 2, 4, or 6) 
a Relocation and indirection flags: 
- operand 1: none 
oat - operand 2: RO, lO 
Example: 
LABEL A oenee Na OPERAND OO A 
(ce sa i a 
/, | STAR. Catpah us aust ieed 
1. The double-word contents of floating-point register 4 are divided by the double-word contents at main 
storage location STAR. The result is placed in register 4. 
6.15. DDR (DIVIDE, LONG FORMAT) — 90/60,70 
— sues Ca preci ea 
Code pera amas Code Length 
ee ee 
Function: 


The double-word contents of operand 1 (dividend), specified by r,, are divided by the double-word contents 
of operand 2 (divisor), specified by ro The normalized quotient is placed in operand 1. The remainder is not 
preserved. 







6-20 


PAGE 


7935 Rev. 1 
UP-NUMBER 


SPERRY UNIVAC Operating System/4 






PAGE REVISION 





Operational Considerations: 


a Floating-point division consists of exponent subtraction and fraction division. The intermediate quotient 
exponent is obtained by subtracting the exponents of the two operands and increasing the difference by 
64. 


a Both operands are normalized (6.2) before division. Consequently, the intermediate quotient is correctly 
normalized or a right shift of one digit position may be required. The exponent of the intermediate 
result is increased by 1 if the shift is necessary. All operand 1 fraction digits are used in forming the 
quotient even if the normalized operand 1 fraction is larger than the normalized operand 2 fraction. 


a !f the final quotient exponent exceeds 127, an exponent overflow exception results. The quotient 
consists of the correct and normalized fraction, a correct sign, and an exponent which is 128 less than 
the correct value. 

a If the final quotient exponent is less than 0, an exponent underflow condition exists. !f the exponent 
underflow mask bit of the current PSW is 1, the quotient has a correct and normalized fraction, a correct 
sign, and an exponent which is 128 greater than the correct value. If the exponent underflow mask bit of 
the current PSW is 0, the result is made a true 0. Underflow does not apply to the intermediate result or 
the operands during normalization. An exponent underflow exception causes a program interrupt if the 
exponent underflow mask bit and the program exception mask bit of the current PSW are 1. 

] Attempted division by a divisor with a O fraction leaves the dividend unchanged and a program 
exception for floating-point divide occurs. When division of a O dividend is attempted, the quotient 
fraction is 0. The quotient sign and exponent are made 0, giving a true 0 result. No program exceptions 
occur, 

Bs The condition code remains unchanged. 

e Possible program exceptions: 

_ exponent overflow exception 
- exponent underflow exception 
- floating-point divide exception 
- operation exception 


- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


s Relocation and indirection flags: none 


A OPERATION A OPERAND A 
10 16 




















5 


1. The double-word contents of floating-point register 6 are divided by the contents of floating-point 
register 4. The result is placed in register 6. 






7935 Rev. 1 
UP-NUMBER 


6-21 


PAGE 






SPERRY UNIVAC Operating System/4 







PAGE REVISION 





6.16. DE (DIVIDE, SHORT FORMAT) — 90/60,70 


Mnemonic Pe eae Hexadecimal Forma Object 
Operation Operation instruction 
Code 


Code . Length 


Operand Format 





Function: 


The full-word contents of operand 1 (dividend), specified by r,, are divided by the full-word contents of 
operand 2 (divisor), specified by d, (x,,b,). The normalized quotient is placed in operand 1. The remainder is 
not preserved. 


Operational Considerations: 


s Floating-point division consists of exponent subtraction and fraction division. The intermediate quotient 
exponent is obtained by subtracting the exponents of the two operands and increasing the difference by 
64. 


a Both operands are normalized (6.2) before division. Consequently, the intermediate quotient is correctly 
normalized or a right shift of one digit position may be required. The exponent of the intermediate 
result is increased by 1 if the shift is necessary. All operand 1 fraction digits are used in forming the 
quotient even if the normalized operand 1 fraction is larger than the normalized operand 2 fraction. 


a If the final quotient exponent exceeds 127, an exponent overflow exception results. The quotient 


Sager consists of the correct and normalized fraction, a correct sign, and an exponent which is 128 less than 


the correct value. 

a lf the final quotient exponent is less than 0, an exponent underflow condition exists. If the exponent 
underflow mask bit of the current PSW is 1, the quotient has a correct and normalized fraction, a correct 
sign, and an exponent which is 128 greater than the correct value. If the exponent underflow mask bit of 
the current PSW is 0, the result is made a true 0. Underflow does not apply to the intermediate result or 
the operands during normalization. An exponent underflow exception causes a program interrupt if the 
exponent underflow mask bit and the program exception mask bit of the current PSW are 1. 

a Attempted division by a divisor with a 0 fraction leaves the dividend unchanged and a program 
exception for floating-point divide occurs. When division of a O dividend is attempted, the quotient 
fraction is 0. The quotient sign and exponent are made O, giving a true 0 result. No program exceptions 
occur. 

] The condition code remains unchanged. 

a Possible program exceptions: 
~ addressing exception 
- exponent overflow exception 
~ exponent underflow exception 


- floating-point divide exception 


- indirect address specification exception 
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_ indirect addressing exception 


— operation exception 
- protection exception 


_ specification exception (operand 2 or !ACW not on full-word boundary; or operand 1 is not 0, 2, 
4, or 6) 


a Relocation and indirection flags: 


- operand 1: none 


_ operand 2: RO, !O 


Example: 





1. The full-word contents of floating-point register 4 are divided by the full-word contents in main storage 
location MAIN. The result is placed in register 4. 


6.17. DER (DIVIDE, SHORT FORMAT) — 90/60,70 


Mnemonic : . 
Operation Source Code pbicettal Format ,; sel 
Operand Format oe nstruction 


Code Type Length 


Code 


a 


Function: 





The full-word contents of operand 1 (dividend), specified by ry, are divided by the full-word contents of 
operand 2 (divisor), specified by ro. The normalized quotient is placed in operand 1. The remainder is not 
preserved. 


Operational Considerations: 


a Floating-point division consists of exponent subtraction and fraction division. The intermediate quotient 
exponent is obtained by subtracting the exponents of the two operands and increasing the difference by 
64. 


a Both operands are normalized before division. Consequently, the intermediate quotient is correctly 
normalized or a right shift of one digit position may be required. The exponent of the intermediate 
result is increased by 1 if the shift is necessary. All operand 1 fraction digits are used in forming the 
quotient even if the normalized operand 1 fraction is larger than the normalized operand 2 fraction. 





6-23 


PAGE 






7935 Rev. 1 
UP-NUMBER 


SPERRY UNIVAC Operating System/4 









PAGE REVISION 





a If the final quotient exponent exceeds 127, an exponent overflow exception results. The quotient 
consists of the correct and normalized fraction, a correct sign, and an exponent which is 128 less than 


the correct value. 
An exponent overflow exception causes a program interrupt if the program exception mask bit of the 
current PSW is 1. 

a If the final quotient exponent is less than 0, an exponent underflow condition exists. If the exponent 
underflow mask bit of the current PSW is 1, the quotient has a correct and normalized fraction, a correct 
sign, and an exponent which is 128 greater than the correct value. !f the exponent underflow mask bit of 
the current PSW is 0, the result is made a true 0. Underflow does not apply to the intermediate result or 
the operands during normalization. An exponent underflow exception causes a program interrupt if the 
exponent underflow mask bit and the program exception mask bit of the current PSW are 1. 

7 Attempted division by a divisor with a 0 fraction leaves the dividend unchanged and a program 
exception for floating-point divide occurs. When division of a 0 dividend is attempted, the quotient 
fraction is 0. The quotient sign and exponent are made O, giving a true 0 result. No program exceptions 
occur. 

a The condition code remains unchanged. 

2 Possible program exceptions: 

— exponent overflow exception 
- exponent underflow exception 
_ floating-point divide exception 


_ operation exception 


specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 


Example: 


LABEL A GPERATION A GPERARD A 
10 1% 


PORWR fis 1 ae een eee cece 


1. The full-word contents of floating-point register 2 are divided by the full-word contents of floating-point 
register 4. The result is placed in register 2. 








6.18. HDR (HALVE, LONG FORMAT) — 90/60,70 


Mnemonic Sours Code Hexadecimal ; 
Operation Operation Tysie Instruction 
Code Code al Length 


Re oncatll 
ryt Two Bytes 


Format oplect 


Operand Format 
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Function: 


The double-word contents of operand 2, specified by To, are divided by 2. The normalized quotient is placed 
in operand 1, specified by ry 


Operational Considerations: 

a The fraction of operand 2 is shifted right one bit position, placing the least significant bit of the fraction 
into the most significant bit position of the guard digit and filling the vacated fraction bit position with 
0. The intermediate result is normalized and placed in the operand 1 location. 

a When normalization causes the exponent to become less than 0, an exponent underflow condition exists. 
If the exponent underflow mask bit of the current PSW is 1, the exponent of the result is 128 greater 
than the correct value. If the exponent underflow mask bit of the current PSW is 0, the result is made 
true 0. An exponent underflow exception causes an interrupt if the exponent underflow mask bit and 


the program exception mask bit of the current PSW are 1. 


2 When the fraction of operand 2 is 0, the result is made a true 0, normalization is not attempted, and a 
significance exception does not occur. 


a The condition code remains unchanged. 
a Possible program exceptions: 
— exponent underflow exception 
_ operation exception 
~ specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 








A OPERATION A CPERAND A 
a eR ta Shc 
SGlGEs & Saag 
I st HDR | Ha tbe: i Cote Ate Ee eet aloe Pen eet 2 a 


1. The double-word contents of floating-point register 4 are divided by 2. The result is placed in 
floating-point register 2. 


6.19. HER (HALVE, SHORT FORMAT) — 90/60,70 


Mnemonic H . : 
Operation Source Code naan Format Object 
Operand Format Operation nstruction 


Code Code ype Length 


ee ee ee 
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Function: 


The full-word contents of operand 2, specified by ro, are divided by 2. The normalized quotient is placed in 
operand 1, specified by ri 


Operational Considerations: 

= The fraction of operand 2 is shifted right one bit position, placing the least significant bit of the fraction 
into the most significant bit position of the guard digit and filling the vacated fraction bit position with 
0. The intermediate result is normalized and placed in the operand 1 location. 

a When normalization causes the exponent to become less than 0, an exponent underflow condition exists. 
If the exponent underflow mask bit of the current PSW is 1, the exponent of the result is 128 greater 
than the correct value. If the exponent underflow mask bit of the current PSW is 0, the result is made 
true 0. An exponent underflow exception causes an interrupt if the exponent underflow mask bit and 


the program exception mask bit of the current PSW are 1. 


a When the fraction of operand 2 is 0, the result is made a true 0, normalization is not attempted, and a 
significance exception does not occur. 


a The condition code remains unchanged. 
a Possible program exceptions: 

— exponent underflow exception 

- operation exception 

- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
2 Relocation and indirection flags: none 


Example: 


A OPERATION A OPERAND A 


Las) 





1. The full-word contents of floating-point register 6 are divided by 2. The result is placed in register 0. 


6.20. LCDR (LOAD-COMPLEMENT, LONG FORMAT) — 90/60,70 


Mnemoni F : 
Guarkie Sources Cone SOuaEa Forrdat nae n 
: Operand Format P structio 


Code Code Type Length 


Function: 





The sign of double-word operand 2, specified by Fo: is reversed and the result is placed in operand 1, specified 
byr,. 
1 
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Operational Considerations: 


5 The exponent and fraction are not changed. 
os The contents of operand 2 remain unchanged. 
a The condition code is set as follows: 

= to0 (00,) if result is 0; 

- to 1 (01,) if result is less than 0; 

~ to2 (10,) if result is greater than 0; or 


_ code 3 is not used. 


2 Possible program exceptions: 
- operation exception 
= specification exception (operand 1 or operand 2 register is not O, 2, 4, or 6) 


s Relocation and indirection flags: none 






enema i nn ra amNEN SNL hentai MANOMETRY 


LABEL A eens Tice A OPERAND A 
1 146 


jae] Sis Gameaaamiaase eeaa ina i eek nae a ancrn nae oe nonanptipuetconerenecenap TN oN Nanton mtn nanan CTL Mae an NNT NCCC NON 


CDR | | 2., oe. See ee ee eee 


1. The sign of the double-word contents of floating-point register 6 is reversed and the result is placed in 
register 2. 


6.21. LCER (LOAD-COMPLEMENT, SHORT FORMAT) — 90/60,70 


Mnemonic Hexadecimal 


Operation Soures Code Operation 
Operand Format 


Object 
Format : 
Instruction 


Type 


Code Code Length 


Function: 





The sign of full-word operand 2, specified by Toe is reversed and the result is placed in operand 1,specified by ry: 


Operational Considerations: 
a The exponent and fraction are not changed. 


a The contents of operand 2 remain unchanged. 






6—27 


PAGE 






7935 Rev. 1 
UP-NUMBER 


SPERRY UNIVAC Operating System/4 












PAGE REVISION 





2 The condition code is set as follows: 


= to 0 (00,,) if result is 0; 


to 1 (01,) if result is less than 0; 


to2 (10,) if resuit is greater than 0; or 

— code 3 is not used. 
a Possible program exceptions: 

_ operation exception 

— specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
o Relocation and indirection flags: none 


Example: 








OPERAND A 





1. The sign of the full-word contents of floating-point register 4 is reversed and the result is placed in 
= register 6. 


6.22. LD (LOAD, LONG FORMAT) -—- 90/60,70 


Mnemonic Swuics Cote Hexadecimal Foes Object 
Operation Operand Fornat Operation Type Instruction 
Code Length 


reatebed | we |e Forays | 


Code 





Function: 


The contents of double-word operand 2, specified by d,(x,,b,), are placed in operand 1, specified by ty 


Operational Considerations: 
a The contents of operand 2 remain unchanged. 
s The condition code remains unchanged. 
a Possible program exceptions: 
- addressing exception 


- indirect address specification exception 
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- indirect addressing exception 
- operation exception 
_ protection exception 


— specification exception (operand 2 not on double-word boundary or [ACW not on full-word 
boundary; or operand 1 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: 
_ operand 1: none 
_ operand 2: RO, 10 
Example: 


A OPERATION a OP ERANS A 
o 





awe Troan Sees Pewee eters 


1. The double-word contents of main storage location FORM are placed in floating-point register 4. 
6.23. LDR (LOAD,LONG FORMAT) — 90/60,70 


Mnemonic A : 
Operation Source Code "Operon Format ee 
Operand Format Type nstruction 


Code Length 


Function: 





The contents of double-word operand 2, specified by r,, are placed in operand 1, specified by r,. 
Operational! Considerations: 
a The contents of operand 2 remain unchanged. 
a The condition code remains unchanged. 
] Possible program exceptions: 
- operation exception 
~ specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 
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Example: 








1. The double-word contents of floating-point register 2 are placed in floating-point register 4. 


6.24. LE (LOAD, SHORT FORMAT) — 90/60,70 


Mnemoni . ¥ 
In onic Séaivea Cade Hexadecimal Pacnink Object 
Operation Operation Type Instruction 


0] F 
perand Format Code Length 





Code 


Function: 


The contents of full-word operand 2, specified by d,(x,,b,), are placed in operand 1, specified by ry: 


Operational Considerations: 
= The contents of operand 2 remain unchanged. 
a The condition code remains unchanged. 
a Possible program exceptions: 
_ addressing exception 
- indirect address specification exception 
- indirect addressing exception 
- operation exception 
- protection exception 


- specification exception (operand 2 or JACW not on full-word boundary; or operand 1 register is 
not 0, 2, 4, or 6) 


a Relocation and indirection flags: 
- operand 1: none 


_ operand 2: RO, 1O 
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Example: 





LABEL A OPERATION A OPER AND A 
ie 6 
See eae ee a 


= 
fof 2 MADE... ear ea ee ee Ye ee Pediat ak os | 









1. The full-word contents of main storage location MADE are placed in floating-point register 2. 


6.25. LER (LOAD, SHORT FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 


Operation Source Code Snsen re 
o Operand Format poration nstruction 


Code Code Length 
a eae a ee ee 


Function: 





The contents of full-word operand 2, specified by ro, are placed in operand 1, specified by r. 
Operational Considerations: 
a The contents of operand 2 remain unchanged. 
a The condition code remains unchanged. 
8 Possible program exceptions: 
- operation exception 
- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
= Relocation and indirection flags: none 


Example: 


A OPERATION A 








1. The full-word contents of floating-point register 2 are placed in floating-point register 4. 
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6.26. LNDR (LOAD-NEGATIVE, LONG FORMAT) — 90/60,70 





Ot ey 
inet Souroe Code pects feavicses 
Operand Format Code Length 
Ode 
Function: 
The sign of double-word operand 2, specified by lo is made negative and the result is placed in operand 1, 
specified by ry 
Operational Considerations: 
a Operand 2 is made negative even if the fraction is 0. 
a The exponent and fraction are not changed. 
a The contents of operand 2 remain unchanged. 
a The condition code is set as follows: 
_ to0 (00,,) if result is 0; 
—- tol (01,) if result is less than 0; or 


— codes 2 and 3 are not used. 
a Possible program exceptions: 

_ operation exception 

_ specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
a Relocation and indirection flags: none 


Example: 


OPERAND A 








A OPERATION A 


| 1. The sign of the double-word contents of floating-point register 6 is made negative and the result is placed 
in floating-point register 2. 
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6.27. LNER (LOAD-NEGATIVE, SHORT FORMAT) — 90/60,70 


salar Source Code pera Object 
c Operand Format eration nstruction 
Code Length 





Code 


Function: 


The sign of full-word operand 2, specified by los is made negative and the result is placed in operand 1, 
specified by Th 


Operational Considerations: 
s Operand 2 is made negative even if the fraction is 0. 
a The exponent and fraction are not changed. 
2 The contents of operand 2 remain unchanged. 
a The condition code is set as follows: 
_ tod (00,) if result is 0; 
_ to 1 (01,) if result is less than 0; or 
— codes 2 and 3 are not used. 
s Possible program exceptions: 
- operation exception 
- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


2 Relocation and indirection flags: none 





1. The sign of the full-word contents of floating-point register 4 is made negative and the result is placed in 
floating-point register 6. 


ed 
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6.28. LPDR (LOAD-POSITIVE, LONG FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 
Operation Source Code Format 


Operand Format Operation Instruction 


Code Code Type Length 


a 





Function: 


The sign of double-word operand 2, specified by ros is made positive and the result is placed in operand 1, 
specified by ry. 


Operationa! Considerations: 
a The exponent and fraction are not changed. 
a The contents of operand 2 remain unchanged. 
5 The condition code is set as follows: 
_ to0 (00,) if result is 0; 
— to 2 (10) if result is greater than 0; or 
— codes 1 and 3 are not used. 
a Possible program exceptions: 
~ operation exception 
_ specification exception (operand 1 or operand 2 register is not 0,2, 4, or 6) 
a Relocation and indirection flags: none 
Example: 


A OPERATION A OPERAND 
é 











1. The sign of the double-word contents of floating-point register 6 is made positive and the result is placed 
in register 0. 


6.29. LPER (LOAD-POSITIVE, SHORT FORMAT) — 90/60,70 


M 
ada Source Code crane Format ; sees 
e Operand Format peration nstruction 


Code Code Type Length 
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Function: 


The sign of full-word operand 2, specified by lor is made positive and the result is placed in operand 1, 
specified by ry: 


Operational Considerations: 
a The exponent and fraction are not changed. 
I] The contents of operand 2 remain unchanged. 
a The condition code is set as follows: 
- to0 (00,) if result is 0; 
- to2 (10,) if result is greater than 0; or 
— codes 1 and 3 are not used. 
a Possible program exceptions: 
- operation exception 
— specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


c] Relocation and indirection flags: none 


A OPERATION A OPER AND A 












Ae aa eee ? 36 Leaner Tee 
1. The sign of the full-word contents of floating-point register 0 is made positive, and the result is placed in 


floating-point register 4. 


6.30. LTDR (LOAD-AND-TEST, LONG FORMAT) — 90/60,70 


Mnemonic i Object 
, Source Code Mexerees a Format ! . 
Operation Operation Instruction 


Operand Format Type 


Code Code Length 


Function: 





The contents of double-word operand 2, specified by r,,are placed in operand 1, specified by rh 
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Operational Considerations: 


a The contents of operand 2 remain unchanged. 


a When the same register is specified for operand 1 and operand 2, the operation is equivalent to a test 
without data movement. 


L The condition code is set as follows: 


to 0 (00,) if result is 0; 


to 1 (01,) if result is less than 0; 


to2 (10,) if result is greater than O; or 
- code 3 is not used. 
2 Possible program exceptions: 
- Operation exception 
_ specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 









OPERAND A 





Sort enen eee oe ttm et err aernmmmmncceneconmennnnene maven mn teeming tremor te 





t 


i 
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1. The double-word contents of floating-point register 4 are placed in floating-point register 2 and the 
condition code is set. 


6.31. LTER (LOAD-AND-TEST, SHORT FORMAT) — 90/60,70 


Mnemonic i j 
Ghana Source Code eeshcncatnd Format i acne 
Operand Format peration Type nstruction 


Code Code Length 





Two Bytes 


Function. 


The contents of full-word operand 2, specified by r,, are placed in operand 1, specified by ry. 
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Operational Considerations: 
2 The contents of operand 2 remain unchanged. — 


s When the same register is specified for operand 1 and operand 2, the operation is equivalent to a test 
without data movement. 


s The condition code is set as follows: 


to0 (00,) if result is 0; 


to 1 (01,) if result is less than 0; 


to2 (10,) if result is greater than 0; or 
- code 3 is not used. 
. Possible program exceptions: 
= operation exception 
- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 


ce nwenasneneeatiiie btn th ASCO AC LIE ALC NY IR ERE AEN EINE ES ICE ENN tk 





LABEL A GPERATION A OPERAND A 
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1. The full-word contents of floating-point register 2 are placed in floating-point register O and the 
condition code is set. 


6.32. MD (MULTIPLY, LONG FORMAT) — 90/60,70 



































M : . ; 
inemonic eats Code Hexadecimal ceive Object 
Operation Operand Format Operation ae Instruction 

Code Code uP Length 
NS 
Function: 


The contents of double-word operand 1 (multiplicand), specified by ry, are multiplied by the contents of 
double-word operand 2 (multiplier), specified by d(x,,b,). The normalized product is placed in operand 1. 
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Operational Considerations: 


Floating-point multiplication consists of exponent addition and fraction multiplication. The exponent of 
the intermediate product is obtained by adding the exponents of the two operands and reducing the sum 
by 64. 

Both operands are normalized before multiplication and the intermediate product is normalized after 
multiplication. The intermediate product fraction is truncated to 14 digits and a guard digit (6.1) before 
normalization. 

If the exponent of the final product exceeds 127, an exponent overflow condition exists. The resultant 
floating-point number consists of a correct and normalized fraction, a correct sign, and an exponent 
which is 128 less than the correct value. The overflow condition does not occur for an intermediate 
product exponent exceeding 127 if the final exponent is brought within range during normalization. An 
exponent overflow condition causes a program interrupt if the program exception mask bit of the 
current PSW is 1. 

If the final product exponent is less than 0, an exponent underflow condition exists. If the exponent 
underflow mask bit of the current PSW is 1, the resultant floating-point number has a correct and 
normalized fraction, a correct sign, and an exponent which is 128 greater than the correct value. If the 
exponent underflow mask bit of the current PSW is 0, the result is made a true 0. When an underflow 
characteristic becomes less than 0 during normalization before multiplication, an underflow exception is 
not recognized. An exponent underflow exception causes a program interrupt if the exponent underflow 
mask bit and the program exception mask bit in the current PSW are 1. 

When all digits of the intermediate product are 0, the result is made a true 0. 

When the result fraction is 0, a program exception for exponent underflow or overflow does not occur. 
The condition code remains unchanged. 

Possible program exceptions: 

- addressing exception 

- exponent overflow exception 

- exponent underflow exception 

- indirect address specification exception 

— __ indirect addressing exception 

_ operation exception 


- protection exception 


- specification exception (operand 2 not on double-word boundary, or [ACW not on full-word 
boundary, or operand 1 register is not 0, 2, 4, or 6) 


Relocation and indirection flags: 
~ operand 1: none 


- operand 2: RO, 1O 


6-37 
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Example: 








LABEL A OPERATION A OPERAND A 


Ut 


{ 
Add H 


icoinclet do Hnginesccreiarnt des 


1. The double-word contents of floating-point register 2 are multiplied by the double-word contents of 
main storage location MULTP. The result is placed in register 2. 


6.33. MDR (MULTIPLY, LONG FORMAT) — 90/60,70 





Mnemonic , , 
Cosaiah Source Code : ae 
Operand Format nstruction 
Length 
ee 
Function: 


The contents of double-word operand 1 (multiplicand), specified by rj, are multiplied by the contents of 
double-word operand 2 (multiplier), specified by ro: The normalized product is placed in operand 1. 


Operational Considerations: 


a Floating-point multiplication consists of exponent addition and fraction multiplication. The exponent of 
the intermediate product is obtained by adding the exponents of the two operands and reducing the sum 
by 64. 


a Both operands are normalized before multiplication and the intermediate product is normalized after 
multiplication. The intermediate product fraction is truncated to 14 digits and a guard digit before 
normalization. 


a If the exponent of the final product exceeds 127, an exponent overflow condition exists. The resultant 
floating-point number consists of a correct and normalized fraction, a correct sign, and an exponent 
which is 128 less than the correct value. The overflow condition does not occur for an intermediate 
product exponent exceeding 127 if the final exponent is brought within range during normalization. An 
exponent overflow condition causes a program interrupt if the program exception mask bit of the 
current PSW is 1. 


a If the final product exponent is less than 0, an exponent underflow condition exists. If the exponent 
underflow mask bit of the current PSW is 1, the resultant floating-point number has a correct and 
normalized fraction, a correct sign, and an exponent which is 128 greater than the correct value. If the 
exponent underflow mask bit of the current PSW is 0, the result is made a true 0. When an underflow 
characteristic becomes less than 0 during normalization before multiplication, an underflow exception is 
not recognized. An exponent underflow exception causes a program interrupt if the exponent underflow 
mask bit and the program exception mask bit in the current PSW are 1. 


a When all digits of the intermediate product are 0, the result is made a true 0. 
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2 When the result fraction is 0, a program exception for exponent underflow or overflow does not occur. 


aa a The condition code remains unchanged. 


a Possible program exceptions: 


exponent overflow exception 

= exponent underflow exception 

- operation exception 

- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
a Relocation and indirection flags: none 


Example: 


A OPERATION A OPERAND A 





1. The double-word contents of floating-point register O are multiplied by the double-word contents of 
is floating-point register 4. The result is placed in register 0. 



























6.34. ME (MULTIPLY, SHORT FORMAT) — 90/60,70 
Mnemonic Soutea Code Hexadecimal Focus Object 
Operation Opiecaiid Format Operation Type Instruction 
Code Code is Length 
a 
Function: 
The contents of full-word operand 1 (multiplicand), specified by ry, are multiplied by the contents of 
full-word operand 2 (multiplier), specified by d,(x,,b,). The normalized product is placed in operand 1. 
Operational Considerations: 
a Floating-point multiplication consists of exponent addition and fraction multiplication. The exponent of 
the intermediate product is obtained by adding the exponents of the two operands and reducing the sum 
by 64. 
a Both operands are normalized before multiplication and the intermediate product is normalized after 
multiplication. The intermediate product fraction is truncated to 14 digits, the two least significant 
oes digits of which are 0, before normalization. 
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a If the exponent of the final product exceeds 127, an exponent overflow condition exists. The resultant 
floating-point number consists of a correct and normalized fraction, a correct sign, and an exponent 
which is 128 less than the correct value. The overflow condition does not occur for an intermediate 
product exponent exceeding 127 if the final exponent is brought within range during normalization. An 
exponent overflow condition causes a program interrupt if the program exception mask bit of the 
current PSW is 1. 


a If the final product exponent is less than 0, an exponent underflow condition exists. If the exponent 
underflow mask bit of the current PSW is 1, the resultant floating-point number has a correct and 
normalized fraction, a correct sign, and an exponent which is 128 greater than the correct value. If the 
exponent underflow mask bit of the current PSW is O, the result is made a true 0. When an underflow 
characteristic becomes less than O during normalization before multiplication, an underflow exception is 
not recognized. An exponent underflow exception causes a program interrupt if the exponent underflow 
mask bit and the program exception mask bit in the current PSW are 1. 


a When all digits of the intermediate product are 0, the result is made a true 0. 
a When the result fraction is 0, a program exception for exponent underflow or overflow does not occur. 
ic] The condition code remains unchanged. 


a Possible program exceptions: 


\ 


addressing exception 

- exponent overflow exception 

- exponent underflow exception 

_ indirect address specification exception 
- indirect addressing exception 

- operation exception 

- protection exception 


_ specification exception (operand 2 or [ACW not on full-word boundary; or operand 1 register is 
not 0, 2, 4, or 6) 


a Relocation and indirection flags: 


_ operand 1: none 


operand 2: RO, 10 


Example: 






LABEL iN GPERAT 10ND QPERAND A 
} 16 


mee a 


|ME../ 6 





MDM oc. cluta oe oe ee ae ae a : 


1. The full-word contents of floating-point register 6 are multiplied by the full-word contents of main 
storage location NORM. The result is placed in register 6. 
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6.35. MER (MULTIPLY, SHORT FORMAT) — 90/60,70 


M 3 H . F 
nemonic Scuree Code exadecimal Esiwiat Object 
Operation Operation Instruction 

Code 


Code - ny Ps Length 


ee 


Function: 


Operand Format 





The contents of full-word operand 1 (multiplicand), specified by ry, are multiplied by the contents of 
full-word operand 2 (multiplier), specified by ro. The normalized product is placed in operand 1. 


Operational Considerations: 


a Floating-point multiplication consists of exponent addition and fraction multiplication. The exponent of 
the intermediate product is obtained by adding the exponents of the two operands and reducing the sum 
by 64. 


a Both operands are normalized before multiplication and the intermediate product is normalized after 
multiplication. The intermediate product fraction is truncated to 14 digits, the two least significant 
digits of which are 0, before normalization. 


a If the exponent of the final product exceeds 127, an exponent overflow condition exists. The resultant 
floating-point number consists of a correct and normalized fraction, a correct sign, and an exponent 
which is 128 less than the correct value. The overflow condition does not occur for an intermediate 
product exponent exceeding 127 if the final exponent is brought within range during normalization. An 
exponent overflow condition causes a program interrupt if the program exception mask bit of the 
current PSW is 1. 


a If the final product exponent is less than 0, an exponent underflow condition exists. If the exponent 
underflow mask bit of the current PSW is 1, the resultant floating-point number has a correct and 
normalized fraction, a correct sign, and an exponent which is 128 greater than the correct value. If the 
exponent underflow mask bit of the current PSW is 0, the result is made a true 0. When an underflow 
characteristic becomes less than O during normalization before multiplication, an underflow exception is 
not recognized. An exponent underflow exception causes a program interrupt if the exponent underflow 
mask bit and the program exception mask bit in the current PSW are 1. 


a When all digits of the intermediate product are O, the result is made a true 0. 


a When the result fraction is 0, a program exception for exponent underflow or overflow does not occur. 
a The condition code remains unchanged. 
a Possible program exceptions: 


- exponent overflow exception 

_ exponent underflow exception 

- operation exception 

_ specification exception (operand 1 or operand 2 register is not O, 2, 4, or 6) 


a Relocation and indirection flags: none 
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Example: 






LABEL A OPERATION A OP ERAND A 
19 6 
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1. The full-word contents of floating-point register 2 are multiplied by the full-word contents of 
floating-point register 0. The result is placed in register 2. 


6.36. SD (SUBTRACT-NORMALIZED, LONG FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 
Operation 
Code Operand Format 


Source Code Format 


Operation Tune instruction 
Code ve Length 





Function: 


The double-word contents of operand 2, specified by d,(x,,b,), are algebraically subtracted from the 
double-word contents of operand 1, specified by ry The normalized difference is placed in operand 1. 


Operational Considerations: 


I] The execution of the SD instruction is identical to that of the AD instruction, except that the sign of 
operand 2 is reversed before addition. 


s The condition code is set as follows: 


tod (00,) if result fraction is 0; 


to1 (01,) if result fraction is less than 0; 


to2 (10,) if result fraction is greater than 0; or 
_ code 3 is not used. 
s Possible program exceptions: 
- addressing exception 
- exponent overflow exception 
- exponent underflow exception 
- indirect address specification exception 
_ indirect addressing exception 


-_ operation exception 
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= protection exception 














eae _ significance exception 
— specification exception (operand 2 not on double-word boundary, or [ACW not on full-word 
boundary, or operand 1 register is not 0, 2, 4, or 6) 
a Relocation and indirection flags: 
— operand 1: none 
_ operand 2: RO, 10 
Example: 
LABEL A OPERATION A OPERAND A 
} G svicnc: 0 eactenenenenene soso i & OO ARAN HO NE EARNS RUBLE PERNRALA NEADS Aree em SROAA. EEN ORR ME HEANOR ON 1 HAAR IAEA by ORRIN RHYME TROIS A NRRIEI RN CUNO NEHER OIRREEON, 
/ i D. honed afin 6,TRACK FAR Ca Os es cr ce ‘ Tes ee ay ies ee fees oe ee aes ee 
1. The double-word contents of main storage location TRACK are subtracted from the double-word 
contents of floating-point register 6. The result is placed in register 6. 
6.37. SDR (SUBTRACT-NORMALIZED, LONG FORMAT) — 90/60,70 


Mnemonic Hexadecimat Object 


Source Code 


oO : 
peration Operand Format 






Operation Instruction 


Code Code Length 
Se 
Function: 


The double-word contents of operand 2, specified by ro, are algebraically subtracted from the double-word 
contents of operand 1, specified by ry The normalized difference is placed in operand 1. 


Operational Considerations: 


a The execution of the SDR instruction is identical to that of the ADR instruction (6.3), except that the 
sign of operand 2 is reversed before addition. 


a The condition code is set as follows: 
- to 0 (00,) if result fraction is 0; 
_ to 1 (01,) if result fraction is less than O; 
- to 2 (10,) if result fraction is greater than OQ; or 


ee — code 3 is not used. 
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Possible program exceptions: 


- exponent overflow exception 

- exponent underflow exception 

- operation exception 

- significance exception 

- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


Relocation and indirection flags: none 





LABEL A OPERATION A OPERANDS A 
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Cal en Ree rere eran et 


The double-word contents of floating-point register 2 are subtracted from the double-word contents of 
floating-point register 4. The result is placed in register 4. 











6.38. SE (SUBTRACT-NORMALIZED, SHORT FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 


Operation 


Source Code 


ion A 
Operand Format Operatio Instruction 


Code Code Length 





Function: 


The 


full-word contents of operand 2, specified by d,(x,,b,), are algebraically subtracted from the full-word 


contents of operand 1, specified by ry: The normalized difference is placed in operand 1. 


Operational Considerations: 


The execution of the SE instruction is identical to that of the AE instruction (6.4), except that the sign 
of operand 2 is reversed before addition. 


The condition code is set as follows: 


tod (00,) if result fraction is 0; 


to 1 (01,) if result fraction is less than 0; 


to 2 (10,) if result fraction is greater than 0; or 


code 3 is not used. 
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2 Possible program exceptions: 


~ addressing exception 

— exponent overflow exception 

_ exponent underflow exception 

_ indirect address specification exception 
_ indirect addressing exception 

— operation exception 

_ protection exception 

_ significance exception 


- specification exception (operand 2 or |[ACW not on full-word boundary; or operand 1 register is 
not 0, 2, 4, 6) 


a Relocation and indirection flags: 
~_ operand 1: none 
_ operand 2: RO, |O 


Example: 





LABEL A GFPERATION A OPERAND A 
] 16 16 


Clas Lac [ee aaa eee See PO n Ns 






1. The full-word contents of main storage location CLARE are subtracted from the contents of 
floating-point register 2. The result is placed in register 2. 


6.39. SER (SUBTRACT-NORMALIZED, SHORT FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 
; Source Code Fi 
Operation Operation oe Instruction 


Operand Format Type 


Code Code Length 
a 


Function: 





The full-word contents of operand 2, specified by ry, are algebraically subtracted from the full-word contents 
of operand 1, specified by tis The normalized difference is placed in operand 1 
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Operational Considerations: 


s The execution of the SER instruction is identical to that of the AER instruction (6.5), except that the 
sign of operand 2 is reversed before addition. 


= The condition code is set as follows: 
- to0 (00, ) if result fraction is 0; 
— to 1 (01,) if result fraction is less than 0; 
~ to2 (10,) if result fraction is greater than 0; or 
- code 3 is not used. 
a Possible program exceptions: 
- exponent overflow exception 
_ exponent underflow exception 
- operation exception 
as significance exception 
- specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 
a Relocation and indirection flags: none 


Example: 








LABEL A OPERATION A OPERAND A 
10 146 





1. The full-word contents of floating-point register 6 are subtracted from the full-word contents of 
floating-point register 0. The result is placed in register O. 


6.40. STD (STORE, LONG FORMAT) — 90/60,70 


Mnemonic P ; 
Opeestion Source Code ence Format ; snes 
Operand Format nstruction 


Code Code Tyee Length 


Function: 





The double-word contents of operand 1, specified by r,,are placed in main storage at the location designated 
by operand 2, specified by d. (x, ,b,). 
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Operational Considerations: 


a The condition code remains unchanged. 
7 Possible program exceptions: 
_ addressing exception 
- indirect address specification exception 
- indirect addressing exception 
- operation exception 
- protection exception 


- specification exception (operand 2 not on double-word boundary, or |IACW not on full-word 
boundary, or operand 1 register is not 0, 2, 4, or 6) 


es Relocation and indirection flags: 


- Operand 1: none 


- operand 2: RD, ID 


Example: 








snr entero ec itnnews MN nme 


OPERAND A 






A OPERATION A 
10 16 


a 4 STORE sos oot ho T teh eat bit doe. Pee 





1, The double-word contents of floating-point register 4 are placed in main storage location STORE. 


6.41. STE (STORE, SHORT FORMAT) — 90/60,70 


Mnemonic i i 
Operation Source Code prenenicy Format Object 
Operand Format peration nstruction 


Code Code Type Length 


nae FE 





Function: 


The full-word contents of operand 1, specified by r,,are placed in main storage at the location designated by 


operand 2, specified by d(x, b,). 
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Operational Considerations: 

a The condition code remains unchanged. 

a Possible program exceptions: 
_ addressing exception 
- indirect address specification exception 
- indirect addressing exception 
- operation exception 
~ protection exception 


— specification exception (operand 2 or [ACW not on full-word boundary, or operand 1 register is 
not 0, 2, 4, or 6) 


a Relocation and indirection flags: 
- operand 1: none 
- operand 2: RD, ID 


Example: 






LABEL A OPERATION A OPERANDS A 
io 14 





Lane | 
Keer TM afte setloamatertays ose sd he 





pee a ace er oe Devices | 


1. The full-word contents of floating-point register 6 are placed in main storage location ARTM. 
6.42. SU (SUBTRACT-UNNORMALIZED, SHORT FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 
Overation Source Code Format 


Operand Format Operation Instruction 


Code Code Type Length 


Function: 





The full-word contents of operand 2, specified by d, (x,.b,), are algebraically subtracted from the full-word 
contents of operand 1, specified by ry The difference is placed in operand 1. 


Operational Considerations: 


a The execution of the SU instruction is identical to that of the AU instruction (6.6), except that the sign 
is reversed before addition. 
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a The condition code is set as follows: 


4 to 0 (00,) if result fraction is 0; 


to 1 (01,) if result fraction is less than 0; 


to 2 (10,,) if result fraction is greater than 0; or 
— code 3 is not used. 
a Possible program exceptions: 
— addressing exception 
- exponent overflow exception 
- indirect address specification exception 
_ indirect addressing exception 
~ operation exception 
_ protection exception 
- significance exception 


- specification exception (operand 2 or [ACW not on full-word boundary, or operand 1 register is 
not 0, 2, 4, or 6) 


a Relocation and indirection flags: 
_ operand 1: none 


- operand 2: RO, 10 





LABEL A OPERATION A OPERAND A 
10 1é 


Gs dtl ce ERA dao nr aise dal aloe ola 


1. The full-word contents of main storage location TRAM are subtracted from the full-word contents of 
floating-point register 4. The result is placed in register 4. 
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6.43. SUR (SUBTRACT-UNNORMALIZED, SHORT FORMAT) — 90/60,70 


Mnemonic Hexadecimal Object 
Operation 


Source Code : Format “ 
Operation Instruction 
Operand Format 


Code Type Length 
er eae ae a a 


Function: 


Code 





The full-word contents of operand 2, specified by rp, are algebraically subtracted from the full-word contents 
of operand 1, specified by ry The difference is placed in operand 1. 


Operational Considerations: 


a The execution of the SUR instruction is identical to that of the AUR instruction (6.7), except that the 
sign is reversed before addition. 


2 The condition code is set as follows: 


to 0 (00,) if result fraction is 0; 


{ 


to 1 (01,) if result fraction is less than 0; 


to2 (10,) if result fraction is greater than 0; or 


code 3 is not used. 


a Possible program exceptions: 


exponent overflow exception 


operation exception 


_ significance exception 


specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


Example: 





LABEL A OPERATION A GPERAND A 


eb sO ots 


1. The full-word contents of floating-point register 0 are subtracted from the full-word contents of 
floating-point register 6, The result is placed in register 6. 
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6.44. SW (SUBTRACT-UNNORMALIZED, LONG FORMAT) — 90/60,70 


Mnemonic H : . 
Operution Source Code oe. Format pie 
Operand Format nstruction 


Code Code Type Length 


a 


Function: 





The double-word contents of operand 2, specified by d,(x,,b,), are algebraically subtracted from the 
double-word contents of operand 1, specified by ry The difference is placed in operand 1. 


Operational Considerations: 


s The execution of the SW instruction is identical to that of the AW instruction (6.8), except that the sign 
is reversed before addition. 


a The condition code is set as follows: 


toO (00,) if result fraction is 0; 


tol (01,) if result fraction is less than 0; 


to2 (10,) if result fraction is greater than O; or 
- code 3 is not used. 
o Possible program exceptions: 
a addressing exception 
- exponent overflow exception 
_ indirect address specification exception 
- indirect addressing exception 
_ operation exception 
- protection exception 
— significance exception 


- specification exception (operand 2 not on double-word boundary, or [ACW not on full-word 
boundary, or operand 1 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: 
- operand 1: none 


- operand 2: RO, 1O 
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Example: 


OPERANDS A 








A OPERATION A 


spp sarme nnn cence crenata tine eit: yataei imam onneinnree: rte wet inanimate sien fein 


l. i ii af ROW . SWAT. ie ceo Cs Cee ae ee CW We ee 


1. The double-word contents of main storage location SWIFT are subtracted from the double-word 
contents of floating-point register 0. The result is placed in register 0. 


6.45. SWR (SUBTRACT-UNNORMALIZED, LONG FORMAT) — 90/60,70 


Mnemonic Galiree ine Hexadecimal Object 
Operation Operation Instruction 
Code Code Length 


a 


Function: 


Operand Format 





The double-word contents of operand 2, specified by To, are algebraically subtracted from the double-word 
contents of operand 1, specified by ry. The difference is stored in operand 1. 


Operational Considerations: 


a The execution of the SWR instruction is identical to that of the AWR instruction (6.9), except that the 
sign is reversed before addition. 


Ld] The condition code is set as follows: 
- toO (00,) if result fraction is 0; 
- to 1 (01,) if result fraction is less than 0; 
- to 2 (10,) if result fraction is greater than 0; or 
— code 3 is not used. 
a Possible program exceptions: 


— exponent overflow exception 


Operation exception 


significance exception 


specification exception (operand 1 or operand 2 register is not 0, 2, 4, or 6) 


a Relocation and indirection flags: none 
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Example: 


A OPERATION A OPERAND A 





1. The double-word contents of floating-point register 2 are subtracted from the double-word contents of 
floating-point register 6. The result is placed in register 6. 





Nee 
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7. Logical Instructions 


7.1. GENERAL 


The logical instruction set provides for the adding, subtracting, moving, comparing, bit manipulating, bit testing, 
translating, editing, and shifting of logical operands. A logical operand may be a full word or double word, a single 
character, or a variable-length field. Depending on the instruction, logical operands may be treated as unsigned 
integers or as unsigned and signed, packed and unpacked fields. 


Logical operands are available in the RR, RX, RS, SS, and SI formats. The operands may reside in the general 
registers, in main storage, or within a field in the instruction itself. On the SPERRY UNIVAC 9400/9480 Systems, 
the address of an operand in main storage is specified as absolute. On the SPERRY UNIVAC 90/60,70 Systems, the 
address of an operand in main storage may be specified as relative or absolute and direct or indirect under the 
control of the applicable relocation register flags. The first and second operand fields in main storage may overlap in 
any way; however, unpredictable results may occur during translation and editing operations. The effect of 
overlapping may be understood by considering the operands to be processed one byte at a time from left to right. 


This section describes the operation of each logical instruction. The instructions are arranged in alphabetical order 
according to mnemonic operation code. Each description includes a list of the possible program exceptions and 
condition codes which may result. The relocation and indirection flags that are pertinent to the operand addresses 
are listed. The object code format of the instruction is shown only for those instructions which differ from the 
format shown in Figure 3—1. See Table 3—1 for an explanation of the abbreviations used in describing instruction 
formats. 


7.2. AL (ADD-LOGICAL) — 90/60,70 


M : : F 
inemonic Spires Bods Hexadecimal Foca Object 
Operation 


ti 1 . 
Operand Format Operation Type nstruction 


Code Code Length 





Function: 


The contents of operand 2, specified by d,(x,,b,), are logically added to the contents of operand 1, specified 
by ty and the sum is placed in operand 1. 


Operational Considerations: 
ee a Logical addition is performed by adding all 32 bits of each operand. 


a The contents of operand 2 remain unchanged. 
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i] The condition code is set as follows: 
_ to 0 (00,) if result is 0; no carry out of most significant bit; 
- to 1 (01,) if result is not 0; no carry out of most significant bit; 
- to2 (10,) if result is 0; carry out of most significant bit; or 
_ to 3 (11 2) if result is not 0; carry out of most significant bit. 
a Possible program exceptions: 
- addressing exception 
- indirect address specification exception 
- indirect addressing exception 
_ protection exception 
a specification exception (operand 2 or [ACW not on full-word boundary) 
a Relocation and indirection flags: 


_- Operand 1: none 


- operand 2: RO, !O 


Example: 





GPERAND A 


tc sramancern arppnantennnriy nna mane mpteeuteinaunnaaracnmmaiatet rr are mitt stiiisiin tennnenecrrtaienctme Rte 





1. The contents of the main storage location CORR are logically added to the contents of register 5. The 
result is placed in register 5. 


7.3. ALR (ADD-LOGICAL) — 90/60,70 


Mnemonic Hexadecimal Object 


Source Code 
Operation Operation Instruction 
Operand Format Code Length 





Code 
NN A 


Function: 


The contents of operand 2, specified by T,, are logically added to the contents of operand 1, specified by tye 
and the sum is placed in operand 1. 
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Operational Considerations: 











a Logical addition is performed by adding all 32 bits of each operand. 
a The contents of operand 2 remain unchanged. 
o The condition code is set as follows: 
- to0 (00,) if result is 0; no carry out of most significiant bit; 
— tol (01,) if result is not 0; no carry out of most significant bit; 
= to2 (10,) if result is 0; carry out of most significant bit; or 
_ to 3 (11 2) if result is not 0; carry out of most significant bit. 
a Possible program exceptions: none 
s Relocation and indirection flags: none 
Example: 
“A OPERATION A. ee A 
1. The contents of register 9 are logically added to the contents of register 7. The result is placed in register 7. 


7.4. CL (COMPARE-LOGICAL) 


Mnemoni i j 
i Hild Source Code Ebixadecimet Format SRIee 
ee Operation Instruction 


Code TyPs Length 


SC 


Function: 


Operand Format 





The contents of operand 1, specified by r,: and operand 2, specified by do (x,,b,), are compared and the 
condition code is set according to the comparison. 


Operational Considerations: 
s Operands are considered as unsigned binary numbers and all bit combinations are valid. 


a The contents of both operands remain unchanged. 
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: The condition code is set as follows: 

















. ee 
~ toO (00,) if the operands are equal; 
- to t (01,) if operand 1 is less than operand 2; 
- to2 (10,) if operand 1 is greater than operand 2; or 
_ code 3 is not used. 
a Possible program exceptions: 
SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
a 
Peeme P 
Specification (operand 2 or |ACW 
not on full-word boundary) 
2 Relocation and indirection flags (90/60,70): 
— operand 1: none 
St 
= operand 2: RO, 10 
Example: 
LABEL A OPERATION a UPERAND A 
10 Ue mS 
1. The contents of register 8 are compared with the contents of main storage location COMP. 
7.5. CLC (COMPARE-LOGICAL) 
Mnemonic Saree Code Hexadecimal asa Object 
ecg Operand Focmat Operation Type Instruction 
Code Length 
Function: 
The contents of operand 1, specified by d, (I,b, ), and operand 2, specified by d,(b,), are compared and the 
a3 


condition code is set according to the comparison. 
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Operational Considerations: 


The length specification of operand 1 specifies the length of both operands. 


Operands are considered unsigned binary numbers and all bit combinations are valid. 


The contents of both operands remain unchanged. 
The instruction is processed from left to right, byte by byte. 


The condition code is set as follows: 


to 0 (00,) if the operands are equal; 


to 1 (01,) if operand 1 is less than operand 2; 


to2 (10,) if operand 1 is greater than operand 2; or 


- code 3 is not used. 


Possible program exceptions: 


a 
a 
a 


Specification (JACW not on full-word 
boundary) 


Relocation and indirection flags (90/60,70): 
















- operand 1: RD, 1D 


- operand 2: RO, 1O 
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Example: 







LABEL A OPERATION A OPERAND A 














10 1 a ee ET Pasa gee kes 


1. The contents of main storage location SUMMARY are compared with the contents of main storage 
location INPUT. SUMMARY and INPUT are labels with defined locations and lengths. The length 
attribute of the symbol SUMMARY determines the length of the operands. 


7.6. CLI (COMPARE-LOGICAL) 




























Hexadecimal Object 
Operation Instruction 


Code Length 


Mnemonic 
Operation 







Source Code 
Operand Format 


Code 
ee 


Function: 


Format 
Type 





The one-byte contents of operand 1, specified by d, (b,), and operand 2, contained in the i, field, are 
compared and the condition code is set according to the comparison. 


Operational Considerations: 
a Operands are considered unsigned binary numbers and all bit combinations are valid. 
= The contents of operand 1 remain unchanged. 


L The condition code is set as follows: 


to0 (00,) if the operands are equal; 


to 1 (01,) if operand 1 is less than operand 2; 


to2 (10,) if operand 1 is greater than operand 2; or 


code 3 is not used. 


s Possible program exceptions: 


a 
ar 
a 


Specification (LACW not on full-word 
boundary) 
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s Relocation and indirection flags (90/60,70): 

















—_ 
me - operand 1: RO, |O 
= operand 2: none 
Examples: 
A OrERaTION A GPERAND A 
10 16 ; ; 
mon i 3 varanasi mas ong xashancrooraner voces Contmnvevnanonteonn a — cenocreenncent pois “0 
, nes ae | ae [A LUE yh 00. So OO Re A SET OO CS 
i i 
1. The contents of main storage location VALUE are compared with 100. 
2. | The contents of main storage location TEST are compared with the hexadecimal value 3. 
7.7, CLR (COMPARE-LOGICAL) 
Mnemonic Sources Code Hexadecimal Onject 
Operation Gostand Corn Operation Instruction 
Code e Code Length 
— Le | =] = [|= | mem 


Function: 


The contents of operand 1, specified by ee and the contents of operand 2, specified by r,, are compared and 
the condition code is set according to the comparison. 


Operational Considerations: 
a Operands are considered unsigned binary numbers and all bit combinations are valid. 
. The contents of both operands remain unchanged. 


a The condition code is set as follows: 


to0 (00.) if the operands are equal; 


to 1 (01,) if operand 1 is less than operand 2; 


to2 (10,) if operand 1 is greater than operand 2; or 


code 3 is not used. 


a Possible program exceptions: none. 


| 
Se . Relocation and indirection flags (90/60,70): none 
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Example: 






OPERAND A 
ee ee eee ee ere 
I, L tos. te heat Pp he pee Pope pe ogee le oe tp ys 
1. The contents of register 6 and the contents of register 7 are logically compared and the condition code is 


set. 


7.8. ED (EDIT) 


Mnemonic Hexadecimal , Object 
. So F 
Operation urea eoee Operation oe Instruction 
Code 


Code Type Length 


Function: 


Operand Format 





The data of operand 2, specified by d,(b,), is changed from packed to unpacked format, is edited under the 
contro! of operand 1 (the mask), and is placed in the operand 1 location, specified by d, (Ib, ). 


Object Instruction Format: 


OPERATION LENGTH OPERAND 1 
CODE 15116 19)2 



















Operational Considerations: 

a Editing includes sign and punctuation control and the suppression and protection of leading 0’s. It also 
facilitates programmed blanking for al! O fields. Several fields may be edited in one operation, and 
numeric information may be combined with text. 

a The instruction proceeds from left to right. 

a Operand 2 data must be in packed format and must contain valid numerics and sign codes. 

a The original contents of operand 1 is the mask, the pattern which controls the edit process. Depending 


on the edit requirements, some of the bytes originally in operand 1 are replaced by data from operand 2. 
The mask is expressed in unpacked format and may consist of any combination of 8-bit characters. 


¥ 
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a As the mask is scanned from left to right, one of three things happens to each mask character: 


- An operand 2 digit is expanded to a zoned character. The zoned character replaces the mask 
character. When the operand 2 digit is stored as the result, its code is expanded from packed to 
unpacked format by attaching a generated zone code. When the A mode bit of the current 
program status word is 0, the EBCDIC zone code (111 1,) is generated; when the A mode bit is 1, 
the ASCII zone code (001 1,) is generated. 


_ The mask character is left unchanged. 


— A fill character is stored in the result. The fill character is taken from the first byte position of the 
mask. The choice of this character is not dependent upon the editing function initiated by this 
code. The editing function occurs after the code has been assigned as a fill character. 


Each mask character is replaced by a result character that depends on three conditions: 
_ the digit obtained from operand 2; 

- the mask character; and 

- the S switch status. 


When a digit select or significance start byte is found in the mask, the S switch and an operand 2 digit 
are examined. This results in either the unpacked operand 2 digit or the fill character replacing the mask 
character. A valid decimal digit (if mask byte is significance start) or nonzero decimal digit (if mask byte 
is digit select) sets the S switch to on if the operand 2 byte does not contain a plus code in the four least 
significant bit positions (Table 7—1). 


. Significance Indicator (S Switch) 


The significance indicator, referred to as the S switch, indicates by its on or off state the significance or 
nonsignificance, respectively, of subsequent operand 2 digits or message characters. Significant operand 
2 digits replace their corresponding digit select or significance start characters in the result. Significant 
message characters remain unchanged in the result. 


When the S switch is off, O’s to be transferred from operand 2 are suppressed and the fill character is 
inserted in the corresponding operand 1 position. When the S switch is on, any 0 to be transferred from 
operand 2 is unpacked into the corresponding operand 1 position. At the beginning of execution the S 
switch is off. 


a Fill Character 


The fill character is the leftmost character of the edit mask (operand 1). Any hexadecimal value 
(Appendix C) may be used as a valid fill character. This character is retained for the editing which 
follows. This position does not receive a digit from the operand 2 data. 


a Digit Select Byte 


The digit select byte is a character in the operand 1 mask represented by the EBCDIC code 20 or the 
ASCII code 80. If the digit select byte is encountered and the S switch is on, any digit, 0 through 9, is 
unpacked to replace the digit select byte. If the S switch is off, the operand 2 digit is examined and only 
nonzero digits are unpacked into operand 1. The fill character replaces the digit select byte if the 
examined digit is 0. The S switch is turned on when the first nonzero operand 2 digit is encountered; this 
allows succeeding 0's from operand 2 to be included in the result. 
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Significance Start Byte 


The significance start byte is represented in the edit mask by the EBCDIC code 21 or the ASCII code 81. 
The significance start byte performs the same function as the digit select byte except the significance 
start byte turns the S switch on regardless of the value of the current operand 2 digit. Once the S switch 
is on, it remains on for all succeeding digits; however, the current digit is not affected. The S switch may 
be turned off by a field separator byte or by a positive sign code within operand 2. 


Message Character 

Any other symbol or data in the operand 1 edit mask, as represented by hexadecimal codes, is retained 
unchanged if the S switch is on. If the S switch is off, the other data is replaced by the fill character. 
During this operation, the digit of operand 2 is neither accessed nor address advanced. 

Fieid Separator Byte 

Multiple-field editing operations are indicated by the presence of one or more field separator bytes 
(EBCDIC code 22, ASCII code 82). The field separator byte identifies the individual fields in this 
operation and is always replaced in the mask with a fill character. The S switch is always off after the 
field separator byte is encountered. If field separators are not indicated by the mask, the entire operand 
2 is considered one field. 

Sign Consideration for Operand 2 

The sign of operand 2, positive or negative, must be a value greater than binary 9 (1001,). Any 
hexadecimal value A through F is acceptable. The sign itself is not moved to operand 1; instead, a sign 
indicator, such as a minus sign or letters CR, is either deleted from or retained in operand 1, depending 
on the sign of operand 2. 

The sign of operand 2 also affects the S switch. A positive sign turns the S switch off, thus causing the 
following characters in operand 1 to be replaced by the fill character. A negative sign leaves the S switch 


unchanged. 


If the fill character is a blank, if no significance start byte appears in the mask, and if operand 2 is all 0’s, 
the editing operation blanks the result field. 


Overlapping operand 1 and operand 2 fields produce unpredictable results. 
Operand Length 


The length specification in the object instruction specifies the length of the mask (operand 1). The 
length of the mask can be determined as follows: 


- one byte for the fill character; 

- one byte for each digit select byte, significance start byte, and field separator byte; and 

_ one byte for each message character. 

Usually operand 2 is shorter than operand 1, since, for each operand 2 digit, a zone and a numeric are 


inserted in the result. The total number of digit select and significance start bytes in the mask must equal 
the number of operand 2 digits to be edited. 
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a If operand 2 containing unpacked data is to be edited, it must first be packed by the PACK instruction. 
In packing an odd number of bytes, an odd number of digit positions and the sign are produced. In 
packing an even number of bytes, an odd number of digit positions and the sign are produced. The extra 
digit position in the latter case is 0, and is the most significant position in operand 2. The extra position 
must be provided for in the mask by specifying an extra DSB or SSB. Space, asterisk, or other character 
fill occurs and may be dropped when transferring the edited operand to output. 


a The condition code, reflecting the status of the last source field edited, is set as follows: 
- to O when all of the operand 2 digits in the last field are O. If the mask of the last field has no 
significance start or digit select bytes, the operand 2 digits are not examined and the condition 
code is set to 0; 
- to 1 (01,) when a nonzero operand 2 digit without an associated plus sign is detected; 


— to 2(10,) when an operand 2 digit greater than zero is detected; or 


_ code 3 is not used. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 







Picton 


Specification (LACW not on full-word 
boundary) 










Data exception (invalid sign or digit 
code) 





a Relocation and indirection flags (90/60,70): 
_ operand 1: RD, ID 
- operand 2: RO, !O 


. The operation of the edit instruction is summarized in Table 7—1. 
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Table 7—1. Edit Instruction Operation 


~—" 
- Resulting Resulting 
Mask (Operand 1) S Switch Data (Operand 2) 
EBCDIC/A’ Co i 
Character COE SEO Code Status Character (Operand 1) S Switch 


Fill character Any Not examined. Fill 
character 


byte 


a 


Off Zero Fill 
character 


Significance 
start byte 


Message Any except: 
character 20/80, 21/81, 22/82 


Not examined 
character 
Not examined Fill 
character 
Not examined Fill 
character 


Not examined Fill = 
character 


* Sign detection (examined simultaneously with operand 2 digit) affects the S switch as follows: 
A plus sign detected as a least significant digit causes the S switch to be turned off. 
A minus sign has no effect on the S switch. 


Field 
separator byte 


























Examples: 
1 LABEL eae OPERAND A COMMENTS ~ “| 
La kl 3: 0 206B2020206B2 0.202: H#BZOZO’ ist 
ae eer oe eke We MAS KGISS (AMT Td ae ee be want BG 
VA ASK, 1 ji L151 402,061820,2.0208,2020.2.1 4 B2.0,2063,D.9,'; rere ous a ter wey Oran oe et 
‘ MI AS.KC ILS) ip MALU, ce es We Se eres owe ¢ thoi bol: aes wah Mb b eg tle” goad rt ; 
SIMASK 1. | Dic... | kit.22.15C20,2:0,682.02,0,2 04482020222 1 2102.0,22:2.06B2:02.0 2048! 
Liat q 1D, 4 A 5K G22). »ALELD, | ee al FURS Oe Cotes aT ee ag OL Yes ya er ee ee 


1. The packed operand AMT is edited according to the mask MASK and the result is placed in the operand 1 
location. Assume AMT to contain the value 000012698. This value appears in five bytes as follows: 


000012698+H+ 
The edit mask appears in 13 bytes as follows: 
40206B82020206B820214B2020 


The result is: 
NVM 26.98. 
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2. The packed operand VALU is edited according to the mask MASK and the result is placed in the operand 1 
location. If operand 2 is negative, the letters CR are printed to the right of the result amount. Assume VALU 


ve, to contain the value 000456789. This value appears in five bytes as follows: 
00045678 9— 
The edit mask appears in 15 bytes as follows: 
40206B2020206B2020214B2020C3D9 
The result appears as: 
AWAA4,567.89CR. 
This example employs the field separator byte to allow editing of three fields with one edit instruction. 
Packed value of operand 2: 
0012345C123C12345C 
Edit mask in hexadecimal: 
5C20206B2020204B2020222120202220206B20202048 
The edited result is: 
wee 4123.45%4123%12,345 
meee 


7.9. EDMK (EDIT-AND-MARK) — 90/60,70 


Mnemonic Shards Cade Hexadecimal Format Object 
Operation Operation Instruction 
Code 


Code Tyre Length 


The data of operand 2, specified by d,(b,), is changed from packed to unpacked format, is edited under the 
control of operand 1 (the mask), and is placed in the operand 1 location, specified by d, (I,b, ). The address of 
the first significant result character is placed in general register 1. 


Operand Format 





Object Instruction Format: 


OPERATION LENGTH OPERAND 1 
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Operational Considerations: 


Example: 







The EDMK instruction is identical to the ED instruction with the addition of storing the address of the 
first significant result character in the least significant 24 bits of general register 1. This occurs when the 
result character is a digit from 1 to 9 and the S switch was off before examination of the digit. 


When an EDMK instruction is used to edit more than one field, the address of each succeeding field 

replaces the contents of the least significant 24 bits of general register 1; therefore, only the first 

significant character of the last field edited is available. 

This instruction is used to faciliate currency symbol insertion. The address stored in register 1 is one 

more than the address where a currency symbol must be inserted. The branch-on-count instruction with 

0 in the operand 2 field is used to reduce the inserted address by 1 (BCTR 1,0). 

The condition code, reflecting the status of the last source field edited, is set as follows: 

— to O when all of the operand 2 digits in the last field are 0. If the mask of the last field has no 
significance start or digit select bytes, the operand 2 digits are not examined and the condition 


code is set to 0. 


_ to1 (01,) when a nonzero operand 2 digit is detected and the S switch is set on after the last mask 
digit is examined; 


- to 2 (10,) when a nonzero operand 2 digit is detected and the S switch is set off after the last 
mask digit is examined; or 


- code 3 is not used. 

Possible program exceptions: 

- addressing exception 

_ data exception (invalid sign or digit code) 

- indirect address specification exception 

- indirect addressing exception 

- protection exception 

— specification exception (LACW not on full-word boundary) 
Relocation and indirection flags: 


_ operand 1: RD, ID 


_ operand 2: RO, !O 


cecnarriamin tee NEA aman RE NL RR A Nn MAN StI Me steam 


OPERAND A 
14 
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1. The contents of main storage location TOTAL are edited according to the contents of main storage 
location MASK. The result is placed in the MASK location, and the address of the first significant 

















boas character is placed in general register 1. 
7.10. IC (INSERT CHARACTER) 
keine Source Code eran Plasto 
Code Operand Format Cita Range 
Function: 
The byte of main storage in the operand 2 location, specified by d,(x,,b,), is placed in the least significant 
eight bits of the operand 1 register, specified by ry 
Operational Considerations: 
a The contents of operand 2 remain unchanged. 
a The contents of the most significant 24 bits of the operand 1 register remain unchanged. 
args age . 
a The condition code remains unchanged. 
ee 
a Possible program exceptions: 
| SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
[rset | 
Specification (t ACW not on full-word 
boundary) 
a Relocation and indirection flags (90/60,70): 
_ operand 1: none 
- operand 2: RO, lO 
Example: 
Ne 
1. The byte of main storage labeled RANN is placed into the least significant byte of general register 3. 
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7.11. LA (LOAD-ADDRESS) 


M - : ; 
alocas Source Code Gexsdecierral Format Object 


Operation : . 
oiaiah Operand Format Operation Type Instruction 


Code Length 


Code 





Function: 


The main storage operand 2 address, specified by d,(x,,b,), is loaded into the least significant bits of operand 
1, specified by T)- The most significant bits of rare set to 0. 


Operational Considerations 
a The generated address is not checked for validity. 
s The contents of operand 2 remain unchanged. 


a If X, OF b, specifies the same register as rye the contents of the register are incremented by the value 


specified as d,. 
a The condition code remains unchanged. 
@ Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): none 
Operational Differences: 
. 9400/9480 systems 


The storage address of operand 2, specified by d_(x,,b,), is loaded into the least significant 17 bits of 
operand 1, specified by ry The most significant 15 bits of r, are set to 0. 


a 90/60,70 systems 


The storage address of operand 2, specified by d,(x,,b,), is loaded into the least significant 24 bits of 
operand 1, specified by ry: The most significant 8 bits of r, are set to 0. 
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~ Examples: 
ee ioe onto: somtnta i sient seasrctetoube: ni o% SAGARA eo oe sean RNR’ As SOUR BE ni ri enon iE USHO ROD MOIREOM DEM NEHS ES MMNY MISDIAGNOSED: "Ro: NPRORARENS HSMN PM AES IME RCD HR ER GRE HE RANE tC RNRCNAr CR IIRENNARNIUNERHEMEY 
LABEL At OPERATION A OP ERAND A 
j 1s 16 
pamaneeasenes (i Nae ae ames 5 cee Pe erianvessoecirinee cba SICA ic esse tno cen loo ig Rea ct edon sacle rc nmcenen atari esa etrnoieieiaassaalpsvcaeer til 
ir 2 io i LA ad ae 5sADDR.. Pubs de es Eb ee fo th Gln te OR ds vedio ds ales 
i : ‘ 
ey Tae Eat Ce i LA. : { 25(8,0) beatae 18 Hoon ce eee Wien Ao eds Ges Yes fen aie Ge ol 24 
ii | | é | 
a Oe OP De OR Oe LA oe i 1 Hl 0, 16001 10) un BE Pe Oa ee ed he le ERs Foe WSS dees GO Ne) CO ee ve 
i { 
1. The main storage address labeled ADDR is loaded into register 10. 
2. The contents of register 8 are incremented by 25, and the most significant bits are set to 0. 
3. The contents of register 10 are incremented by 16, and the most significant bits are set to 0. 
7.12, MVC (MOVE) 
Mnemonic Souvee Gade Hexadecimal Object 
Operation Gasca Rov Operation Instruction 
Code 5 Code Length 
Function: 
Nee 


The contents of operand 2, specified by d.(b,), are placed in the operand 1 location, specified by d, (Lb, ). 


Object Instruction Format: 





OPERATION 
LENGTH PERA 
CODE 3 20 OPERAND 1 








OPERAND 2 


3536 
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Operational Considerations: 


The transfer proceeds from left to right. 

The number of bytes transferred is specified by the length field in operand 1. 
The contents of operand 2 remain unchanged. 

The condition code remains unchanged. 


Possible program exceptions: 
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ne 
ee 
a 
se 








Specification (IACW not on full-word 
boundary) 


Relocation and indirection flags (90/60,70): 


- operand 1: RD, !D 


operand 2: RO, lO 


Examples: © 





LABEL A OPERATION A OPERAND 


to té 





1. 


2. 


Thiwe, Tbastanbenenn 
eee | DESTIN(AZO), D RIGIN © 
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The contents of main storage location ORIGIN are transferred to main storage location DESTIN. The 


length is implied by DESTIN. 


A length of 20 overrides the implied length of DESTIN. 
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7.13. MVI (MOVE) 











— _ Source Ca jocoeeol  e 
Code perand Format ‘Code Type Length 

RR RS 
Function: 

The data contained in the pe field is moved to the main storage byte of operand 1, specified by d, (b, ). 
Operational Considerations: 

. The condition code remains unchanged. 

a Possible program exceptions: 





Specification (JACW not on full-word 
boundary) 






a Relocation and indirection flags (90/60,70): 
- operand 1: RD, ID 
- operand 2: none 
Examples: 


A OPERATION A OPERANDS A 


1G 1é 










‘aan 


foots | Iw. |store, x' te! Site Catan adkd, 
ee Oe one ee ao IMV.T. i | ve 1.0.) ) { 2. i i i ar : fe Aled tas 
1. The hexadecimal value 9E (10011110,) is placed in main storage location STORE. 


2. The binary value of the decimal number 12 is stored in the main storage location specified by the 
address value 0 modified by the contents of base register 10. 
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7.14. MVN (MOVE-NUMERICS) 



















orc sure Cod el stent, gee 
Operand Format Code Type Length 
NS 7 
Function: 
The feast significant four bits (the numeric portion) of each byte of operand 2, specified by d, (b,), are 
transferred to the least significant four bits of each byte of operand 1, specified by d, (1b, ). 
Object Instruction Format: 
CODE 15}16 
Operational Considerations: 
| 

s The four most significant bits of each byte (zone portion) of operand 1 remain unchanged. 

a The éontents of operand 2 remain unchanged. 

s Overlapping of operands is permitted. 

a The condition code remains unchanged. 

a Possible program exceptions: 
a 
a 

Specification (ACW not on full-word es 
boundary) 

. Relocation and indirection flags (90/60,70): 


- operand 1: RD, ID 


-— operand 2: RO, 10 
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Example: 
LABEL A SSN OPERANDS A 
|. hae al ee WERE CA. 0). “HERE. fiend fo at eke Tal 
1. | The numeric portions of 10 consecutive bytes are transferred from main storage location HERE to main 
storage location THERE. 
7.15. MVZ (MOVE-ZONES) 
Mnemonic Source Code Hexscocimnal Format Object 
Operation Gierand Foras Operation T Instruction 
Code Code Mer Length 
Function: 
The most significant four bits (zone portion) of each byte of operand 2, specified by d,(b,), are transferred to 
the most significant four bits of each byte of operand 1, specified by d, (Ib, ). : 
Object Instruction Format: 


OPERATION LENGTH OPERAND 1 
CODE 15|16 19)20 





Operational Considerations: 
a The four least significant bits of each byte (numeric portion) of operand 1 remain unchanged. 
I] The contents of operand 2 remain unchanged. 
. Overlapping of operands is permitted. 
a The condition code remains unchanged. 


a Possible program exceptions: 
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a 
a 
Specification (LACW not on full-word 
boundary) 
. Relocation and indirection flags (90/60,70): 
- operand 1: RD, ID 
- operand 2: RO, |O 
Example: 
LABEL A OPERATION A CPERAND A 
LS Ee AOL. 10 RE ae er ee cer eee ed ere 
|. Be Vz - TRAY.C25.).,. SARD_. Bieta aeullanait H eae Ses Re One ON Oe ‘ 
1. The zone portions of 25 bytes are transferred from main storage location SARD to main storage location 
TRAY. ee 


7.16. N (AND) 


Mnemonic Hexadecimal Object 


: Source Code : Format 
Operation Operation 3 Instruction 


e] id F t T 
perand Forma Code ype Length 


Code 


Function: 





A logical product (AND) operation is performed on the contents of operand 1, specified by tye and operand 2, 
specified by d.,(x,,b,). The resuit is stored in operand 1. 


Operational Considerations: 


a A bit position in the result is set to 1 if the corresponding bit positions in both operations contain 1; 
otherwise, the result bit position is set to 0. 


a The rules of operation for logical product are illustrated by the following truth table: 


Result 
aril ¥ 
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. It is possible to clear selected bits in operand 1 by specifying 0’s in the corresponding bit positions of 


ens operand 2. 

] The condition code is set as follows: 
_ to 0 (00,) if result is 0; 
- to 1 (01,) if result is not 0; or 
— codes 2 and 3are not used. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
Addressing Addressing 


eee arabia ee 
| prowction | 


Specification (operand 2 or [ACW 
not on full-word boundary} 





7 Relocation and indirection flags (90/60,70): 

































- operand 1: none 
- operand 2: RO, iO 
Example: 
A OPERATION A OPERAND A 
Fs al chang ee kta a eee hk Peale dane td On Rear 
o aca 0: STO GG deca aren - 
|. IN id _ H 0. COMP. Pole a ab th Ae cg ae i blink oti ond whe Yo 
1. The logical product of the contents of register 10 and main storage location COMP produces a result 
which is stored in register 10. 
7.17, NC (AND) 
Mnemonic Stee China Hexadecimal Object 
Operation Operand Format Operation Instruction 
Code Code Length 
Function: 


A logical product (AND) operation is performed on the contents of operand 1, specified by d,(I,b,), and 
operand 2, specified by d,(b,). The result is stored in operand 1. 
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Object Instruction Format: 















~~ 
OPERATION LENGTH OPERAND 1 
CODE 8 15416 19:20 31 
Operational Considerations: 
a A bit position in the result is set to 1 if the corresponding bit positions in both operations contain 1; 
otherwise, the result bit position is set to 0. 
a The rules of operation for logical product are illustrated by the following truth table: 
Result 


= It is possible to clear selected bits in operand 1 by specifying 0’s in the corresponding bit positions of 
operand 2. 


. The condition code is set as follows: 
- to0 ({00,) if result is O; 
- to 1 (01,) if result is not 0; or 
- codes 2 and 3 are not used. 


a Possible program exceptions: 
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Specification (LACW not on full-word 
boundary) 
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2 Relocation and indirection flags (90/60,70): 


- operand 1: RD, 'D 


~ operand 2: RO, 1O 


Example: 





OPERAND A 











1. The logical product of the contents of main storage locations MAR and HAR produces a result which is 
stored in MAR. The length is implied by MAR. 


7.18. NI (AND) 


Mnemonic Saurte: Gade Hexadecimal 
Operation 


Operand Format 


: Format Obieet 
Operation Type Instruction 
Code Length 


ayia ee ee ee 


Code 





Function: 


A logical product (AND) operation is performed on the contents of the operand 1 byte, specified by d, (b, ), 
and operand 2, contained in the ip field. The result is stored in operand 1. 


Operational Considerations: 


a A bit position in the result is set to 1 if the corresponding bit positions in both operations contain 1; 
otherwise, the result bit position is set to 0. 


a The rules of operation for logical product are illustrated by the following truth table: 


Result 






. It is possible to clear selected bits in operand 1 by specifying O’s in the corresponding bit positions of 
operand 2. 
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The condition code is set as follows: 


_ to0 (00,) if result is O; 
_ tol (01,) if result is not 0; or 
—_ codes 2 and 3 are not used. 


Possible program exceptions: 
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Teenie 
ee 









Specification (IACW not on full-word 
boundary) 


Relocation and indirection flags (90/60,70): 


_ operand 1: RD, 1D 


— operand 2: none 


OPERAND 






A OPERATION A 
16 


CHANGE before execution 10101010 
FO 11110000 
CHANGE after execution 10100000 


7.19. NR (AND) 


Mnemonic Hexadecimal 
Operation 


A logical product (AND) operation is performed on the conterts of operand 1, ssecified by as and operand 2, 


Source Code 


Operand Format Operation 


Type 


Code Code 


Function: 





specified by To. The result is stored in operand 1. 
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A iL. wii lc HANGE. ,.X:! We ide Fees eet ee Oe i 


Assume that CHANGE addresses a byte in main storage containing the following bit configuration: 


Format 
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Operational Considerations: 






= . A bit position in the result is set to 1 if the corresponding bit positions in both operations contain 1; 
otherwise, the result bit position is set to 0. 
a The rules of operation for logical product are illustrated by the following truth table: 
2 It is possible to clear selected bits in operand 1 by specifying O’s in the corresponding bit positions of 
operand 2. © 
a The condition code is set as follows: 
— to0 (00,,) if result is 0; 
- to 1 (01,) if result is not 0; or 
— codes 2 and 3 are not used. 


a Possible program exceptions: none 


7 Relocation and indirection flags (90/60,70): none 


Example: 









A OPERATION A OPERAND A 
See Re PED reccncnnoroteonsner pect 8 nek soa rasaioeee fasbenebat Tat tater tan coer none emmonemarecwertpenntca sermeonannenerena nash enalrtahcaet aiethiataeaeenaetanbnnonvenmennomran sara ngner tate 
NR | 354 Veeee eee ee Ler eto © meres 


1. The logical product of the contents of registers 3 and 4 is placed in register 3. 


7.20. O (OR) 


Mnemonic 


, Sourcs.Code Hexadecimal Object 
Operation 


Operation instruction 
Code Operand Format 


Code Length 


r4d5(x5,b5) RX Four Bytes 
Tear ana 





Function: 


A logical addition (inclusive OR) operation is performed on the contents of operand 1, specified by rye and 
operand 2, specified by d.(x,,b,). The result is stored in operand 1. 
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Operational Considerations: 


a A bit position in the result is set to 1 if the corresponding bit positions in either or both operands =e 
contain 1; otherwise, the result bit position is set to 0. 


a The rules of operation for logical addition are illustrated by the following truth table: 


Result 
ce) id 
perand 1 Operand 2 (Operand 1) 


s Selected bits of operand 1 can be set by specifying 1’s in the corresponding bit positions of operand 2. 






a The condition code is set as follows: 
— to 0 (00,) if result is 0; 
- to 1 (01,) if result is not 0; or 
— codes 2 and 3 are not used. 


a Possible program exceptions: 


Newent 
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a 
Specification (operand 2 or |ACW 
not on full-word boundary) 

2 Relocation and indirection flags (90/60,70): 
_- operand 1: none 
- operand 2: RO, IO 
Example: 
OPERAND A 
{. oie vbedlg: wis oe ae ie ef he Do 
a 


1. The logical sum of the contents of register 5 and main storage location TAR is placed in register 5. 
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7.21. OC (OR) 
Nee 
Mnemonic Scuice Code Hexadecimal acts Object 
Operation Ouserand Foret Operation Type Instruction 
Code ? Code Length 
Function: 
A logical addition (inclusive OR) operation is performed on the contents of operand 1, specified by d, (I.b,), 
and operand 2, specified by d,(b,). The result is stored in operand 1. 
Object Instruction Format: 
OPERATION LENGTH OPERAND 1 
0 CODE 7|8 15/16 19)20 31 
Neer” 


Operational Considerations: 


a A bit position in the result is set to 1 if the corresponding bit positions in either or both operands 
contain 1; otherwise, the result bit position is set to 0. 


a The rules of operation for logical addition are illustrated by the following truth table: 


Result 
eset u 


Selected bits of operand 1 can be set by specifying 1's in the corresponding bit positions of operand 2. 






a The condition code is set as follows: 


— to 0 (00,) if result is 0; 
_ to 1 (01,) if result is not 0; or 


- codes 2 and 3 are not used. 
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a Possible program exceptions: 






siesseane | 
a 


Specification (IACW not on full-word 
boundary) 





s Relocation and indirection flags (90/60,70): 
- operand 1: RD, ID 
- operand 2: RO, IO 


Example: 








OPERAND A 
{. PAT. Ry ENCD. Ket SOT ee oN Sd dee Peet 


1. The contents of main storage locations PATR and INCD are logically added. The result is stored in 
PATR. 


7.22. Ol (OR) 


Mnemonic Hexadecimal Object 
" Source Code F 
Operation Operation oe Instruction 


Gade Operand Format Code Type Length 


Function: 





A logical addition (inclusive OR) operation is performed on the contents of the operand 1 byte, specified by 
d, (b, ), and operand 2, contained in the i, field. The result is stored in operand 1. 


Operational Considerations: 


a A bit position in the result is set to 1 if the corresponding bit positions in either or both operands 
contain 1; otherwise, the result bit position is set to 0. 


s The rules of operation for logica! addition are illustrated by the following truth table: 


ee 
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Result 








a Selected bits of operand 1 can be set by specifying 1’s in the corresponding bit positions of operand 2. 
a The condition code is set as follows: 
= to0 (00,,) if result is O; 
_ to 1 (01,) if result is not 0; or 
— codes 2 and 3 are not used. 
2 Possible program exceptions: 
o 






Specification (1! ACW not on full-word 
boundary) 


| powtion fs 


a Relocation and indirection flags: 
- operand 1: RD, !D 
- operand 2: none 


Example: 


A OPERATION A OPERAND A 






oom rns tama inn nn nene re mane et termes ante cron nrmmninnhctereanie tt bane inno, 


1. Assume that REST addresses a byte in main storage containing the following bit configuration: 
REST before execution 01111111 
80 10000000 


ee REST after execution 11111111 
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\ 
7.23. OR (OR) 
a 
Mnemonic Sairee Gade Hexadecimal Object 
Operation Operand Format Operation Instruction 
Code Code Length 
Function: 
A logical addition (inclusive OR) operation is performed on the contents of operand 1, specified by Tae and 
operand 2, specified by ro: The result is stored in operand 1. 
- Operational Considerations: 
a A bit position in the result is set to 1 if the corresponding bit positions in either or both operands 
contain 1; otherwise, the result bit position is set to 0. 
o The rules of operation for logical addition are illustrated by the following truth table: 
Result 
id 


a Selected bits of operand 1 can be set by specifying 1’s in the corresponding bit positions of operand 2. 
a The condition code is set as follows: 
- to0 (00,) if result is O; 
_ to 1 (01,) if result is not 0; or 
_ codes 2 and 3 are not used. 
. Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): none 


Example: 


ne eet enammatteteetrtronte meee 


cbs Say MecnaiAdts os bacthte, Goa nal ss Gas teek abc. 





1. The contents of registers 9 and 6 are logically added and the sum is stored in register 9. oy 
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7.24. SL (SUBTRACT-LOGICAL) — 90/60,70 


Mnemoni i ject 
i ie Source Code gael de Format Ob) : 
Operation Operation Instruction 


Operand F t T 
perand Forma’ ype Length 


Code Code 


Function: 





The full-word operand 2, specified by d,(x,,b,), is logically subtracted from the full-word operand 1, 
specified by tye and the result is placed in operand 1. 


Operational Considerations: 
= The subtraction is performed by adding the twos complement of operand 2 to operand 1. 
a All 32 bits of both operands are used. 
] The contents of operand 2 remain unchanged. 


a The condition code is set as follows: 


to 1 (01,) if result is not O (no carry out of most significant bit position); 
_ to2 (10,) if result is O (carry out of most significant bit position); 
- to 3 (1 1,) if result is not O (carry out of most significant bit position); or 


— code O is not used. A 0 difference cannot be obtained without a carry out of the most significant 
bit position. 


a Possible program exceptions: 

- addressing exception 

~ indirect address specification exception 

- indirect addressing exception 

- protection exception 

- specification exception (operand 2 or [ACW not on full-word boundary) 
] Relocation and indirection flags: 

- operand 1: none 


_ operand 2: RO, 1O 
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Examples: 
LABEL A OPERATION A OPERAND A 
|. bonds sdes ie A El gel ieee let ot EL i Le 
1. The contents of the full word addressed by main storage location VALUE are converted to a twos 
complement binary value and added to the contents of register 14. 
2: The contents of the full word located at main storage address 4000 are converted to a twos complement 
binary value and added to the contents of register 14. 
7.25. SLDL (SHIFT-LEFT-DOUBLE-LOGICAL) — 90/60,70 
Mnemonic Hexadecimal Object 
Operation ane a Operation iti Instruction 
Code _— Length 
ee 
Function: 


The double-word operand 1, specified by r,, is shifted left the number of bit positions specified by the least 
significant six bits of the operand 2 address, specified by d,(b,). 


Object Instruction Format: 


OPERATION QOPERAND 1 1 QPERAND 3 OPERAND 2 
CODE 15 





Operational Considerations: 


a The fs specification in operand 1 must refer to the even-numbered register of an even-odd register pair. 
a The vacated least significant bit positions of the register pair are zero filled. 
a Bits shifted out of the even register are lost. 
a The condition code remains unchanged. 
a Possible program exceptions: 
— specification exception (operand 1 specifies an odd-numbered register) 


a Relocation and indirection flags: none 
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oat eres -6 SORRENTINO SLOEDEICDEO:AE SCAMS HU NAARBRESRE CORI aR ARIA NERNEY eR ARNE SRR UNDE ED RDN HERRERO INCREASE AIAN it SRY OO EMER ONPRIVONORESHBaMRHGASLDLENNHCKEOROCRCNCE'? 
LABEL A OPERATION A OPERAND 
isl 
1. The contents of registers 8 and 9, taken as a double word, are shifted to the left one bit position. 
7.26. SLL (SHIFT-LEFT-SINGLE-LOGICAL) 
Mnemonic Spares Coda Hexadecimal Forctiat Object 
Operation Operend Format Operation Type Instruction 
Code Code vP Length 
ee ee 
Function: 
The full-word operand 1, specified by r,, is shifted left the number of bit positions specified by the least 
significant six bits of the operand 2 address, specified by d, (b,). 
= Object Instruction Format: 






OPERATION OPERAND 1 | QPERAND 3 OPERAND 2 
CODE 15/16 


Operational Considerations: 





a The vacated least significant bit positions of the register are zero filled. 
a Bits shifted out of the register are lost. 
! a The condition code remains unchanged. 
I] Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): none 


Example: 


LABEL A OPERATION A OPERAND A 
et 









Seen ee ee tis Suu. Bie Blea fice lee pe dedi ded ih eli ghiadedbaoke 


1. The contents of register 8 are shifted to the left one bit position. 
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7.27. SLR (SUBTRACT-LOGICAL) — 90/60,70 


pi Hexadecimal 
Operation Source Code 


Code 


: Format Cbiect 
Operation Type Instruction 
Code ¥P Length 


ene ee ee eee 


Function: 


Operand Format 





The full-word operand 2, specified by Vor is logically subtracted from the full-word operand 1, specified by ae 
and the result is placed in operand 1. 


Operational Considerations: 
a The subtraction is performed by adding the twos complement of operand 2 to operand 1. 
a All 32 bits of both operands are used. 
a The contents of operand 2 remain unchanged. 


2 The condition code is set as follows: 


to1 (01,) if result is not O (no carry out of most significant bit position); 
_ to 2 (10) if result is 0 (carry out of most significant bit position); 
— to 3 (1 1,) if result is not O (carry out of most significant bit position); or 


-~ code 0 is not used. A 0 difference cannot be obtained without a carry out of the most significant 
bit position. 


a Possible program exceptions: none 


a Relocation and indirection flags (90/60,70): none 


erence cr ie tee ete alee tC CE ITNT aeC Nem NN! 








OPERAND A 
oer f i Laat l cel ny Cee eat OO Re OM i 
1. The contents of register 7 are converted to a twos complement binary value and added to the contents 


of register 9. 


7.28. SRDL (SHIFT-RIGHT-DOUBLE-LOGICAL) — 90/60,70 


Mne ic i j 
4 moo Source Code Hexadecimal Format Object 
Operation Operation Instruction 


Code Tyee Length 


Operand Format 


Code 
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Function: 


The double-word operand 1, specified by ry is shifted right the number of bit positions specified by the least 
significant six bits of the operand 2 address, specified by d, (b,). 


Object Instruction Format: 


— 008 QPERAND F 1BPERAND & OPERAND 2 


Operational Considerations: 






a The ry specification in operand 1 must refer to the even-numbered register of an even-odd register pair. 
a The vacated most significant bit positions of the register pair are zero filled. 
5 Bits shifted out of the odd register are lost. 
a The condition code remains unchanged. 
a Possible program exceptions: 
- specification exception (operand 1 specifies an odd-numbered register) 
s Relocation and indirection flags: none 


Example: 


A OPERATION A OPERAND A 


10 Oc an alee a ee et 
sRDL | 


8 th sulenishee raed. Potosi En eek les aoe Oe! PE Pd es See EAR WS CORE ER Oa ane 






1. The contents of register 8 and register 9, taken as a double word, are shifted to the right four bit 
positions. 


7.29, SRL (SHIFT-RIGHT-SINGLE-LOGICAL) 


M : ‘ 
inemonic Suites Code Hexadecimal 
Operation 


Code 


: Format essa 
Operation T Instruction 
Code vps Length 


ae es ae 


Operand Format 





Function: 


The full-word operand 1, specified by ty) is shifted right the number of bit positions specified by the least 
significant six bits of the operand 2 address, specified by d, (b,). 
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Object Instruction Format: 













— 
CODE 718 15]16 
ee ee eee ee 
Operational Considerations: 
a The vacated most significant bit positions of the register are zero filled. 
a Bits shifted out of the register are lost. 
a The condition code remains unchanged. : 
a Possible program exceptions: none 
a Relocation and indirection flags 90/60,70: none 
1. The contents of register 7 are shifted to the right one bit position. oS 


7.30. STC (STORE-CHARACTER) 


Mnemonic ; : 
Operation Source Code secs ig Format aa : 
Operand Format nstructio 


‘Type Length 


Code Code 


Function: 





The least significant eight bits of operand 1, specified by r,, are stored in the storage location operand 2, 
specified by d. (x b, ). 


2\“ar 
Operational Considerations: 


a The contents of operand 1 remain unchanged. 


a The condition code remains unchanged. 


yt 
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a Possible program exceptions: 
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ae iouhacile [hee ee eee 
a 


Specification (IACW not on full-word 
boundary) 





2 Relocation and indirection flags (90/60,70): 
_ operand 1: none 
_ operand 2: RD, ID 


Example: 





A OPERATION A OPERAND A 


ai CES 7 Tae ee Deer eae nomen 


1. The rightmost eight bits of register 9 are stored in main storage location STAR. 











7.31. TM (TEST-UNDER-MASK) 


Mnemonic Hexadecimal Object 


ie] sie Soules Cone Operation Instruction 
ie Operand Format © nedaie 


Code Length 


Function: 





The main storage byte operand 1, specified by d,(b,), is tested for the presence of 1 bits according to the 
8-bit mask operand 2, specified by i,. 


Operational Considerations: 
a The 1 bits of the operand 2 mask are used to test the bits of operand 1. 
o The contents of operand 1 remain unchanged. 
a The condition code is set as follows: 


- to 0 (00) if all the 1 bits in the mask match 0 bits in the byte tested or if all the bits in the mask 
are 0; 
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- to 1 (01,) if some of the 1 bits in the mask match O bits in the byte tested; 
eZ 
- to 3 (11,) if all the 1 bits in the mask correspond with 1 bits in the byte tested; or 
- code 2 is-not used. 
Possible program exceptions: 
SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
a 
Trews 
Specification (LACW not on full-word 
boundary) 
Relocation and indirection flags (90/60,70): 
- operand 1: RO, !O 
- operand 2: none 
ee 
OPERAND A 
Wiagnh ..... at ee 
: TEST.,.X*9O! econ (ee Se ee Pe Da el WA mC EO 
\ ‘ : € : 
Py EST.,)X* i 6 [Ee Cate caves ne MER ol mes ey Meme j ae ase on os 


Assume that main storage location TEST contains the following value: 
TEST 10010000 
90 10010000 

Condition code 3 is set. 

Assume that main storage location TEST contains the following vatue: 
TEST 10010000 

61 01100001 


Condition code 0 is set. 


Renee 
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7.32. TR (TRANSLATE) 






















Mnemonic Hexadecimal Object 
i Source Code Format 
gia Operation Instruction 
fe) d F it 
ote Code Type Length 
Function: 
Data stored in operand 1, specified by d,(Ib,), is translated according to a table stored in the operand 2 
location, specified by d,(b,). 
Object Instruction Format: 
OPERATION LENGTH OPERAND 1 
as 15116 
35136 OPERAND 2 
Operational Considerations: 
a The 8-bit code of each character of operand 1 is added to the base table address specified by operand 2 
to obtain the address of the character which is to replace the original character of operand 1. 
a Translation continues until all characters specified by the length (1) have been translated. 
t The contents of the table are not changed unless overlap occurs. 
a The condition code remains unchanged. 
2 Possible program exceptions: 
SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
a 
Specification (IACW not on full-word 
boundary) 
a Relocation and indirection flags (90/60,70): 


- operand 1: RD, ID 


_ operand 2: RO, !O 


7935 Rev. 1 SPERRY UNIVAC Operating System/4 eo 


UP-NUMBER PAGE REVISION | PAGE 


Example: 





A OPERATION A OPERAND A 
10 


1. Assume TBL specifies the leftmost translate table address, 5000, ,- The table length is 256 bytes. All 
values given are hexadecimal. 


Location 5000 5001. .... 5008 .... 5080 .... 5SOFF 
Table contents 77 30 1F 01 AQ 


Assume CODE is a 3-byte area whose contents are: 


Operand 1 CODE CODE+1 CODE+2 
Contents before execution 01 08 80 
Contents after execution 30 1F 01 


Translate Operation: 


a The contents of main storage location CODE (01, ,) are added to the base address assigned to TBL, 
which is 5000, ,. The resulting address is 5001, .. The contents (30, ,) at table location 5001, , are 
transferred to location CODE, replacing the original value 01 16 With 30, ,. 


a CODE+1 originally contains 08, é: This is added to the base table address, which is 5000, gr to derive the 
address 5008, ,- Location 5008, ,, in the table contains LE o This value is transferred to location 


CODE+1 to replace the original contents. 
» 


e CODE+2 originally contains the value 80, 6 This is added to the base table address, which is 5000, gr to 
derive the address 5080 ae" After the translation cycle, CODE+2 contains the value 01 obtained from 


16° 
the translate table. 


s The programmer may place whatever values are required into the 256-byte translate table. When it is 
known what kind of bit configurations are expected as input (each unique configuration produces an 
address pointing to a unique table address), the desired value may be placed in the table to produce a 
translation. 


7.33. TRT (TRANSLATE-AND-TEST) — 90/60,70 


Mnemonic Hexadecimal Object 


a, Source Code Format 
oO tio: i i 
peration Oneracd Format Operation Instruction 


Code Code Type Length 


Function: 






The data stored in operand 1, specified by qd, (I,b,), is translated according to a table stored in the location 
designated by operand 2, specified by d,(b,), and the result is tested. 
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Object Instruction Format: 





OPERATION 
CODE 








OPERAND 2 


35,36 








Operational Considerations: 


The translate function of this instruction proceeds in the same manner as the TR instruction. 


The selected byte (result byte) in the translate table is examined and tested for a pattern of all 0's. If the 
result byte is all O’s, it is ignored and the translate operation is continued. If the result byte is nonzero, 
the address of the corresponding operand 1 byte is stored in the least significant 24 bit positions of 
general register 1; the result byte is stored in the least significant eight bit positions of general register 2 
and the operation is terminated. 


The contents of both operands remain unchanged. 
The address stored in general register 1 is a program relative address if the RD flag of the current 
relocation register is 1 or if the ID flag of the current relocation register and the R flag of the fast 


associated [ACW are 1. Otherwise, the address stored is an absolute address. 


The condition code is set as follows: 


to0 (00,,) if all result bytes are 0. In this case, registers 1 and 2 remain unchanged. 


to 1 (01 a if the result byte corresponding to any except the last operand 1 byte is nonzero; 


to2 (10,) if the result byte corresponding to the last operand 1 byte is nonzero; or 
_ code 3 is not used. 


Possible program exceptions: 


addressing exception 

- indirect address specification exception 

- indirect addressing exception 

- protection exception 

- specification exception (I[ACW not on full-word boundary) 
Relocation and indirection flags: 

_ operand 1: RD, ID 


— operand 2: RO, |O 
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Example: 
— 
LABEL A OPERATION A OPERAND A 
10 16 ee ee ee ; 
1. The contents of main storage location TEST are translated according to the table designated as TABLE. 
The result is tested for 0's and the appropriate data is stored in general registers 1 and 2. The contents of 
TEST are not altered by this operation. 
7.34. X (EXCLUSIVE-OR) 
une Source Code  Dyatation: eee 
i) 
Code Operand Format Gnae por 
Function: 
A logical difference (exclusive OR) operation is performed on the contents of operand 1, specified by oe and 
the contents of operand 2, specified by d, (x,b,). The result is stored in operand 1. 
Operational Considerations: i oye 


a A bit position in the result is set to 1 if the corresponding bit positions in the operands are unlike; 
otherwise, the bit position in the result is set to 0. 


a The rules of operation for the exclusive OR operation are illustrated by the following truth table: 


Result 


a The condition code is set as follows: 






_ toO (00,) if result is O; 
- to1 (01,) if result is not 0; or 


_ codes 2 and 3 are not used. 
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a Possible program exceptions: 
ee 
SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
Tsewoae P 
a 
Specification (operand 2 or |ACW 
not on full-word boundary) 
. Relocation and indirection flags (90/60, 70): 
_ operand 1: none 
_ operand 2: RO, {O 
Example: 
LABEL A GPERATIONA OPERAND A 
16 - Mb 7 
— } H 
= 1 An exclusive OR operation is performed on the bits of register 10 and the bits in main storage location: 
EXOR. The result replaces the contents of register 10. 
7.35. XC (EXLUSIVE-OR) 
Mnemonic Séurice Code Hexadecimal Fania Object 
Operation Cisiantel Bavmint Operation r Instruction 
Code . Code yee Length 
Function: 
A logical difference (exclusive OR) operation is performed on the contents of operand 1, specified by qd, 
(I,b, ), and the contents of operand 2, specified by d, (b,). The result is stored in operand 1. 
Object Instruction Format: 
OPERATION 
CODE 
Nee” 


OPERAND 2 


35 136 
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Operational Considerations: 



























a A bit position in the result is set to 1 if the corresponding bit positions in the operands are unlike; oe 
otherwise, the bit position in the result is set to 0. 
a The rules of operation for the exclusive OR operation are illustrated by the following truth table: 
= The condition code is set as follows: 
— to 0 (00,) if result is 0; 
- tol (01,) if result is not 0; or 
- codes 2 and 3 are not used. 
a Possible program exceptions: 
8 
a 
a 
Specification (IACW not on fuli-word Pe 
boundary) 
a Relocation and indirection flags (90/60, 70): 
- operand 1: RD, ID 
_ operand 2: RO, !0 
Example: 
LABEL A OPERATION A OPERAND A 
1 10 Le ee a TO TRONS RAT Oe Te ae 
[. eres le ee Cs af 4N UMBERK j COMP 1 i Beer es Un ay LO 
i 
1. An exclusive OR operation is performed on the contents of main storage locations NUMBER and COMP. 


The result is stored in main storage location NUMBER. 
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7.36. XI (EXCLUSIVE-OR) 


M \ . % 
nemonic Si aks Hexadecimal Object 
Operation Operation Instruction 
Code Code Length 


Ea ee 


Operand Format 





Function: 


A logical difference (exclusive OR) operation is performed on the operand 1 byte, specified by d, (b, ), and the 
operand 2 byte, contained in the i field. The result replaces operand 1. 


Operational Considerations: 


a A bit position in the result is set to 1 if the corresponding bit positions in the operands are unlike; 
otherwise, the bit position in the result is set to 0. 


a The rules of operation for the exclusive OR operation are illustrated by the following truth table: 


Result 
Operand 1 (Operand 1) 


s The condition code is set as follows: 






- to0 (00,) if result is 0; 
- to 1 (01,) if result is not O; or 
- codes 2 and 3 are not used. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 







a 






Specification (IACW not on full-word 
boundary) 


— a Relocation and indirection flags (90/60, 70): 


- operand 1: RD, ID 


_ operand 2: none 
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Example: 





LABEL A OPERATION A OPERAND 


18 





1. Assume that CNTRLS contains the following value: 


CNTRLS before execution 01001100 
OF 00001111 


CNTRLS after execution 01000011 


7.37. XR (EXCLUSIVE-OR) 


Mnemonic Hexadecimal Object 


nee Source Code —— | 
Operand Format peration POETS 


Code Length 
a 


Function: 





A logical difference (exclusive OR) operation is performed on the contents of operand 1, specified by r,, and 
the contents of operand 2, specified by ro The result is stored in operand 1. 


Operational Considerations: 


a A bit position in the result is set to 1 if the corresponding bit positions in the operands are unlike; 
otherwise, the bit position in the result is set to 0. 


os The rules of operation for the exclusive OR operation are illustrated by the following truth table: 


Result 
Seer : 






on 7 0 
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. The condition code is set as follows: 
— to 0 (00,,) if result is 0; 
_ to 1 (01,,) if result is not 0; or 
— codes 2 and 3 are not used. 
s Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): none 


Example: 





ce tee NNR a ALAS AO HORE tS omenesanonainatiitine cS AN tNSoat Netet 


A oreRaATiON A GPERAND A 
10 16 


1. An exclusive OR operation is performed on the contents of registers 10 and 12. The result replaces the 
contents of register 10. 
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8. Branching Instructions 


8.1. GENERAL 


The branching instruction set provides the program-controlled capability of altering the normally sequential 
execution of instructions. Branching instructions provide a means for making a choice, for jumping to or from a 
subroutine, or for repeating a segment of coding. 


Each branching instruction specifies the address of the instruction to be executed if the conditions specified by the 
instruction are met. In all the branching instructions, the second operand address is used as the branch address. A 
branch in the sequence of instructions is performed by loading the branch address into the instruction address field 
(bits 40 through 63) of the current program status word (PSW). However, since the contents of the instruction 
address field of the current PSW must always specify an absolute main storage address, the branch address may be 
converted from relative to absolute before the instruction address field is loaded. 


On the SPERRY UNIVAC 90/60,70 Systems, whether a specified branch address is to be relocated, that is, whether 
it is relative or absolute, depends on the state of the RI flag (bit 3) in the current relocation register. Except for the 
branch-and-link-external (BALE) and execute (EX) 90/60,70 instructions, branch addresses are never indirect 
addresses. 


Arithmetic, logical, and input/output instructions set a 2-bit condition code to one of four states: 0, 1,2, and 3. The 
condition code reflects conditions such as 0, low, high, or overflow results, and equal, low, or high comparisons of 
two operands. The condition code remains unchanged until modified by a subsequent instruction. The 
branch-on-condition instruction inspects this code and uses the setting as the criterion for branching. 


Extended mnemonic codes facilitate the use of branch-on-condition instructions. See 8.2 for a description of 
extended mnemonics. 


This section describes the operation of each branching instruction. The instructions are in alphabetical order 
according to mnemonic operation code. Each description includes a list of the possible program exceptions and 
condition codes which may result. The execution of a branch instruction is considered to extend to the point where 
the absolute address is loaded into the instruction address field of the current PSW. Only those program exceptions 
that may occur before that point are listed. Thus, even though a specified branch address may be invalid (for 
example, reference to an out-of-bounds location) the resulting program exception is detected only when the branch 
address is actually used to access main storage. However, since the branch instruction is considered to have been 
completed by that point, the program exception (address exception) is not listed in the description of the branch 
instruction. Furthermore, if an interrupt occurs due to the program exception, the instruction address field of the 
program exception old PSW reflects the instruction at the branch address and not the branch instruction itself. 


The pertinent relocation and indirection flags are listed for each instruction on 90/60,70 systems. The object 
instruction format is shown only for those instructions which differ from the format shown in Figure 3—1. See 
a Table 3—1 for an explanation of the abbreviations used in describing instruction formats. 
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8.2. EXTENDED MNEMONIC CODES 


Extended mnemonic codes are provided in assembly language as abbreviated nototations for writing 
branch-on-condition instructions. Table 8—1 lists the extended mnemonic codes and their meanings. These codes 
represent the branch-on-condition instruction with different condition code settings in the m, field (8.6 and 8.7). 


Table 8—1. Extended Mnemonic Codes 


RR Type Instructions RX Type Instructions 


Hexadecimal : Hexadecimal 
Operation ia Operation 
Code/m, Code/m, 


Branch 
No operation 


Used After Comparison Instructions 


Branch if high 
Branch if low 
Branch if equal 
Branch if not high 
Branch if not low 
Branch if not equal 


Used After Test Under Mask Instructions 


Branch if all ones 
Branch if all zeros 
Branch if mixed 
Branch if not all ones 
Branch if not all zeros 
Branch if not mixed 


Used After Arithmetic Instructions 


Branch if overflow 
Branch if zero 

Branch if minus 
Branch if positive 
Branch if no overflow 
Branch if not zero 
Branch if not minus 
Branch if not positive 
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Examples: 


Source code BR 10 produces an unconditional branch to the address contained in register 10. The object 
instruction format is: 





Source code BZ CORRECT produces a conditional branch if the condition code is 0 to the address specified 
by CORRECT. The object instruction format is: 





CORRECT 


NOTE: 


The value of the index regiater is implied to be O if not specifically stated in source code. If it is not equal to O, it 
must be coded. 


8.3. BAL (BRANCH-AND-LINK) 


Mnemonic Hexadecimal 
Operation 


F Object 

: ‘ormat : 

Operation Tous Instruction 
Code ye Length 


es ee 


Source Code 


Code Operand Format 





Function: 
The current PSW instruction length code, program mask, and instruction address field (bits 32 to 63) are 
stored in operand 1, specified by er and the address of operand 2, specified by d,(x,,b,), is stored in the 
current PSW instruction address field. 

Operational Considerations: 
= Operand 2 is the address branched to by the program. 


a The return address is preserved in operand 1. 


a The branch address is determined before the return address is stored. This allows correct operation if the 


r, and Xx, or b, registers are the same. 


a The condition code remains unchanged. 


a Possible program exceptions: none 
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. Relocation and indirection flags (90/60,70): 








- operand 1: none ass 
- operand 2: Rl 
s 90/60,70 systems — If RI (bit 3 of the current relocation register) is 1, the offset value contained in the 
current relocation register is subtracted from the updated instruction address to form the return address. 
If Ri is 0, the updated instruction address is the return address and is not modified. 
Example: 
A¢ OPERATI ion A OP ERAND 
Coe Cel vals che a 
SUBRIN. m | H, eebccabued 
a dee on ek ee ie +f 
i 
a wet 


1. The address of main storage location RETURN is stored in register 10 and branch is made to the address 
specified by SUBRTN. After SUBRTN execution, branch is made to the address stored in register 10 
(RETURN). 


8.4. BALE (BRANCH-AND-LINK-EXTERNAL) — 90/60,70 


M : : 
memonic Source Code Hexadecimal 
Operation 


Operand Format 


Object 

Format : 
Operation Tne Instruction 

ve Length 


Code Code 


Function: 





The current relocation and indirection flags and the updated instruction address are stored in operand 1, 
specified by r (link register). The contents of operand 2, specified by d alk, sb,), are used to compute the 
branch address, 


Operational Considerations: 


os Bits O through 7 (relocation and indirection flags) of the current relocation register replace bits 0 
through 7 of operand 1. If RI (bit 3 of the current relocation register) is 1, the updated instruction 
address is converted to relative by subtracting the offset value contained in the current relocation 
register. If RI is 0, the updated instruction address remains unmodified. The updated instruction address ee 
is then placed in bit positions 8 through 31 of the operand 1 location (link register). 


Tt 


7235 Fav: SPERRY UNIVAC Operating System/4 ace 


UP-NUMBER PAGE REVISION PAGE 


a The d, field and the contents of the base register specified by b, are added. The sum specifies the 
address (relative if RI, bit 3 of the current relocation register, equals 1) of an IACW. The address of the 
final [ACW is computed according to the rules of indirect and relative addressing. Bits 8 through 31 of 
the final [ACW plus the contents of the register specified by x, specify the branch address (realtive if R, 
bit 6 of the final [ACW, is 1). If R is 1, the branch address is converted to absolute by adding the offset 
value contained in the current relocation register. If R is 0, the branch address is considered to be an 
absolute address and is not further modified. The absolute branch address then replaces the instruction 
address field of the current PSW. The RI flags of both the current relocation register and the applicable 
relocation register in main storage are replaced by R. 


. The branch address is computed before the link register is loaded. This allows for correct execution of 
the branch if the register specified by r, is the same as that specified by x, or b,. 


a If the b, designator in the instruction contains the value 0, the branch is not accomplishea but the link 
information is stored in the operand 1 location. 


a The condition code remains unchanged. 
a Possible program exceptions: 
— indirect address specification exception 
— indirect addressing exception 
— operation exception (if current PSW specifies IBM native mode) 
~— specification exception (IACW not on full-word boundary) 
a Relocation and indirection flags: 
— operand 17: none 
— operand 2: RI 


Example: 








A OPERATION A OP ERAND A 
$ 


1. The current instruction address is stored in register 6 and a branch is made to the main storage address 
contained in the location specified by NEW. 


8.5. BALR (BRANCH-AND-LINK) 


Mnemonic Source Code Hexadecimal Euimat Object 
Operation Operation instruction 
Operand Format 


Code Code Type Length 
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The current PSW instruction length code, program mask, and instruction address fields (bits 32 to 63) are 


stored in operand 1, specified by r, 
instruction address field. 


Operational Considerations: 


2 Operand 2 is the address branched to by the program. 


a The return address is preserved in operand 1. 


, and the address of operand 2, specified by ry 


, is stored in the current PSW 


a If Ri (bit 3 of the current relocation register) is 1, the offset value contained in the current relocation 
register is subtracted from the updated instruction address to form the link address. If RI is 0, the 


updated instruction address is the link address and is not modified. 


a The branch address is determined before the operand 2 address is stored. This allows correct operation if 


the r, and ry registers are the same. 


a If the operand 2 register is 0, the link information is stored in the operand 1 location, but no branch is 
accomplished. Instruction sequencing continues with the updated instruction address. 


2 The condition code remains unchanged. 


7 90/60,70 systems — If RI (bit 3 of the current relocation register) is 1, the offset register is subtracted 
from the updated instruction address to form the fink address. If RI is 0, the updated instruction address 


is the link address and is not modified. 
. Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): 


- Operand 1: none 


Example: 


























- operand 2: RI 
LABEL ERR ONe OPERAND A 
16 

[oman YL YS UBRTN, beg pe pe 
fen ALR |S 3 poder ei tee pa ba py ta 
pirvatir nes WY Cs Cr ea a TB 
S,UBRTIN, | Ra Me ta ta et Gs ello, Me es fe ley 
pele Pej fg Seog ps eye op le pie sy gp ie Pop peg gy 
BCR , 1,516. | dees pep pe ge tle ie gee en i ye op ee 
1. The return address is stored in register @ and a branch is made to the address in register 7. After 


SUBRTN execution, an unconditional branch is made to the address in re custer 6 (CLAR). 
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8.6. BC (BRANCH-ON-CONDITION) 


Mnemonic Hexadecimal Object 


Operation Source Code a - : 
Operand Format peration nstruction 


Code Code Length 


es 


Function: 





The operand 1 mask, specified by m,, is compared with the current condition code. If equal, the instruction at 
the address specified by operand 2, specified by d,(x,,b, ), is executed; otherwise, the next instruction in 
sequence is executed. 


Object Instruction Format: 


OPERATION OPERAND 1 OPERAND 2 
CODE 1112 15116 1920 


Operational Considerations: 










a The mask, considered operand 1, occupies bits 8, 9, 10, and 11 of the object instruction. The mask 
specification determines the condition code setting to be tested, as follows: 


- An 8 produces the mask 1000, which tests bit 8 for a 0 condition code. 
— A 4 produces the mask 0100, which tests bit 9 for a 1 condition code. 
- A 2 produces the mask 0010, which tests bit 10 for a 2 condition code. 
- A 1 produces the mask 0001, which tests bit 11 for a 3 condition code. 
— AO produces the mask 0000, which is equivalent to no operation. 
- Any combination of 1’s and 0’s in the mask tests for more than one condition code. 
- Any 1 bit on and tested produces the branch. 
a A mask specification of 15 (11 11,) produces an unconditional branch. 
a See 8.2 for a list of extended mnemonic codes which may be used for branch-on-condition instructions. 
a The condition code remains unchanged. 
Lt Possible program exceptions: none 
a Relocation and indirection flags (90/60,70): 
- operand 1: none 


- operand 2: RI 
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Examples: 





A OPERATION A OPERAND A 
Ha ped ea BN a Naan ened 
Om kaaK Hef te, Peele fe uA aL Sh. Sah poh tite Liu dee Bt ae 
1 IBiCe . 1 [HA SAX io elk Lig glicilisaalicuttstatha ke IES sack FOE Ss) SY cae Se ne re ea 
(ee Oe cas ioe Oe BO. . Jota HS, BEGIN | pct fey gah apt 


1. If the condition code is set to 0, a branch is made to ENDPROG. 
2. If the condition code is set to 0 or 1, a branch is made to JAX. 


3. An unconditional branch is made to BEGIN. 


8.7. BCR (BRANCH-ON-CONDITION) 


Mnemonic i j 
ani Source Code Hexadecimal Format Object 
salah Operation Instruction 


Operand Format Type Length 


Code 
ce 


Function: 





The operand 1 mask, specified by m,,is compared with the current condition code. If equal, the instruction at 
the address stored in operand 2, specified by Fi is executed; otherwise, the next instruction in sequence is 
executed. 


Object Instruction Format: 


OPERATION OPERAND 1 
0 CODE 718 11 
a ae See 





OPERAND 2 
12 15 


Operational Considerations: 


a The mask, considered operand 1, occupies bits 8, 9, 10, and 11 of the object instruction. The mask 
specification determines the condition code setting to be tested, as follows: 


- An 8 produces the mask 1000, which tests bit 8 for a 0 condition code. 
- A 4 produces the mask 0100, which tests bit 9 for a 1 condition code. 

_ A 2 produces the mask 001 0, which tests bit 10 for a 2 condition code. 
- A 1 produces the mask 0001, which tests bit 11 for a 3 condition code. 


- A 0 produces the mask 0000, which is equivalent to no operation. 
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— Any combination of 1’s and 0’s in the mask tests for more than one condition code. 


- Any 1 bit on the tested produces the branch. 
a A mask specification of 15 (111 1) produces an unconditional branch. 
a If operand 2 is register 0, the instruction is equivalent to no operation. 
a See 8.2 for a list of extended mnemonic codes which may be used for branch-on-condition instructions. 
a The condition code remains unchanged. 
a Possible program exceptions: none 
. Relocation and indirection flags (90/60,70): 
— operand 1: none 
- operand 2: RI 


Examples: - 


A OPERATION A GPERAND A 
tf Vé 






aa a ee te 


j 


i Lod. 
ii 
BOR | EB. i 
$4 
1. If the condition code is set to 0, branch is made to the address stored in register 10. 


2. | An-unconditional branch is made to the address stored in register 8. 


8.8. BCRE (BRANCH-ON-CONDITION-TO-RETURN-EXTERNAL) — 90/60,70 







































M . . . 
sald Source Code Hexadecimal Format Ooject 
Operation Operand Format Operation Fos Instruction 
Code Code os Length 
Function: 


The operand 1 mask, specified by m,, is compared with the current condition code. If equal, and depending 
on the relocation and indirection flags, the instruction at the address stored in operand 2, specified by ry, is 
executed; otherwise, the next instruction in sequence is executed. 


Object Instruction Format: 





OPERATION OPERAND 1; OPERAND 2 
8 11]12 15 


CODE 
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Operational Considerations: 


ww” 
If the operand 1 mask equals 0, bits 0 through 7 of operand 2 are placed in bit positions 0 through 7 of 
the current relocation register in main storage. If the new RI flag (bit 3 of the current relocation register) 
is 1 and the old RI flag had been 0, the offset value contained in the current relocation register is added 
to the updated instruction address to form the next instruction address. If the new RI flag is 0, the 
updated instruction address remains unchanged. 
{f a bit in the operand 1 mask corresponds to the current condition code setting, bits O through 7 of 
operand 2 are placed in bit positions 0 through 7 of the current relocation register and the applicable 
relocation register in main storage. If the new RI flag is 1, the offset value contained in the current 
relocation register is added to the address contained in the register specified by r, to form the branch 
address. If RI is 0, the branch address is the address contained in the operand 2 register specified by lo: 
The branch address replaces the instruction address field of the current program status word. 
If the operand 1 mask does not equal O and a bit in the mask does not correspond to the current 
condition code setting, no operation takes place. 
Except for the no-operation case, the following constraint applies: If the current relocation register flags 
indicate relative instruction (Rl=1), the bits in the operand 2 register corresponding to relative 
instruction, origin, and destination (RI, RO, RD) must all be set to 1. If this requirement is not met, a 
specification exception is generated and no operation takes place. 
The mask, considered operand 1, occupies bits 8, 9, 10, and 11 of the object instruction. The mask 
specification determines the condition code setting to be tested, as follows: 
_ An 8 produces the mask 1000, which tests bit 8 for a 0 condition code. 

eo 
_ A 4 produces the mask 0100, which tests bit 9 for a 1 condition code. 
- A 2 produces the mask 0010, which tests bit 10 for a 2 condition code. 
_ A 1 produces the mask 0001, which tests bit 11 for a 3 condition code. 
- AO produces the mask 0000, which is equivalent to no operation. 
- Any combination of 1’s and 0’s in the mask tests for more than one condition code. 
- Any 1 bit on and tested produces the branch. 
A mask specification of 15 (111 1,) produces an unconditional branch. 
The condition code remains unchanged. 
Possible program exceptions: 
= operation exception (if current PSW specifies IBM native mode) 
- specification exception (current relocation flags indicate relative instruction and RI, RO, and RD 

of operand 2 are not all equal to 1) 

Relocation and indirection flags: 

Nee 


- operand 1: none 


_ operand 2: RI 
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Examples: 





A OPERATION A | OPERAND A 





1. If the condition code is 0, the contents of register 9 are used to form the branch address. 


2. | Anunconditional branch is made to the address determined by the contents of register 8. 


8.9. BCT (BRANCH-ON-COUNT) 


Mnemonic Hexadecimal Object 


Source Code 
0 ti : 
peration Operend Focnat Operation Instruction 


Code Code Length 





Function: 


The contents of operand 1, specified by ry, are reduced by 1. {f the result is 0, instritction sequencing 
continues. If the result is nonzero, a branch is made to the operand 2 address, specified by d(x, b,). 


Operational Considerations: 
a The BCT instruction proceeds as follows: 
~— The count value is loaded into the operand 1 register, r, by a prior instruction. 
— The operand 1 register is decremented by 1 each time the BCT instruction is executed. 
— The test for 0 is made after each count. 
— If 0, the next instruction is executed. 
— If not 0, the branch is made to the address specified as operand 2. 


a If the operand 1 register is initially 0, the count is decremented through 0 and is treated as an unsigned 
positive number with a magnitude of 227. 


a The branch address is determined prior to the counting operation. This allows correct operation if the r, 
and b, or x, registers are the same. 


a The condition code remains unchanged. 
a Possible program exceptions: none 
a Relocation and indirection flags: 

— operand 1: none 


— operand 2: RI 
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Example: 
— 
OPERAND A 
I, mt ae | 4 (0,SET i Ri Sees (oer re, SPR Cee ee act Re ee Seve ed ae bo Pee ea, i 
1. The count in register 10 is decremented and tested. If it is not equal to 0, branch is made to the address 
specified by SET. If it equals 0, the next sequential instruction is executed. 
8.10. BCTR (BRANCH-ON-COUNT) 
Mnemonic Hexadecimal Object 
Operation pa Operation hci Instruction 
Code Code ype Length 
a 
Function: 
The contents of operand 1, specified by ry, are reduced by 1. If the result is 0, instruction sequencing 
continues. !f the result is not equal to 0, a branch is made to the address stored in operand 2, specified by ry 
Operationa! Considerations: a: 
a The BCTR instruction proceeds as follows: 
— The count value is loaded into the operand 1 register, r, by a prior instruction. 
=i, is decremented by 1 each time the BCTR instruction is executed. 
— The test for 0 is made after each count. 
— If 0, the next instruction is executed. 
— If not 0, the branch is made to the address stored in the operand 2 register. 
a If the operand 1 register is initially 0, the count is decremented through O and is treated as an unsigned 
positive number with a magnitude of 237. 
a If the operand 2 register field is 0, counting is performed without branching. 
a The condition code remains unchanged. 
a Possible program exceptions: none 
t Relocation and indirection flags (90/60,70): 
- operand 1: none 
Se 


- operand 2: Rl 
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Example: 
A OFERATION A OPERAND A 
1é 
paperanian sense ee ore ett nen emerson cemenrieenrneteonconsierncanain can wacncmneonmenncmnnmmnnaenarnnenanennUeCRtN er nencommcntnsnmm mutsamcnecomccccmanst wine 
/ _{BCTR. tr ab OLA... GA ees gee cone ee ec ee See De | ed SUES SERS eR LANE sb L i 
{ i 
1. Decrement and test the count in register 10. If it is not equal to 0, branch is made to the address stored 
in register 12. If it equals 0, the next sequential instruction is executed. 
8.11. BXH (BRANCH-ON-INDEX-HIGH) — 90/60,70 
Mnemonic Saiiteg Dade Hexadecimal Object 
Operation Operand Format Operation Instruction 
Code Code Length 
Function: 
The sum of the contents of operand 1 and operand 3, specified by r, and t, respectively, is algebraically 
compared to a comparison value. If the sum is greater than the comparison value, a branch is made to the 
operand 2 address, specified by d,(b,); otherwise, sequential instruction execution proceeds. 
~ Operational Considerations: 
s The comparison value is contained in an odd-numbered register. The register is lye if rs is odd, or rat, if 
r, is even. 
s Following the comparison, the sum is placed in the operand 1 register. 
a All quantities are treated as signed integers. 
a The condition code remains unchanged. 
s Possible program exceptions: none 
o Relocation and indirection flags: 
— operand 1: none 
— operand 2: Rl 
Examples: 
| LABEL A OPERATION A OPERAND A 
| ae 16 
— oe [Sey as Ce ne 
i 
Een eee ae | bs. | xs. i Ae. Tht, Sy HAR... tS ahaectina.tenael BCS Bis aonanhigesd nied celica Rego te 





pele] fXHL | 6,8, SEs ite al tat te 2 ec 
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1. The contents of registers 4 and 5 are added and the sum is placed in register 4. If the new contents of 
register 4 are greater than the contents of register 5, a branch is made to main storage location HAR. Set 
Otherwise, instruction execution proceeds sequentially. o 
2. The contents of registers 6 and 8 are added and the sum is placed in register 6. If the new contents of 
register 6 are greater than the contents of register 9, a branch is made to main storage location HIGH. 
Otherwise, instruction execution proceeds sequentially. 
8.12. BXLE (BRANCH-ON-INDEX-LOW-OR-EQUAL) — 90/60,70 
Mnemonic Soites Code Hexadecimal Hora Object 
Operation Onaraind Fovniat Operation Tine Instruction 
Code e : Code id Length 
Function: 
The sum of the contents of operand 1 and operand 3, specified by r, and Tas respectively, is algebraically 
compared to a comparison value. If the sum is less than or equal to the comparison value, a branch is made to 
the operand 2 address specified by d,(b,); otherwise, sequential instruction execution proceeds. 
Operational Considerations: 
a The comparison value is contained in an odd-numbered register. The register is Pod if r, is odd, or rt, if 
r, is even. ay 
a Following the comparison, the sum is placed in the operand 1 register. 
a All quantities are treated as signed integers. 
a The condition code remains unchanged. 
a Possible program exceptions: none 
a Relocation and indirection flags: 
- operand 1: none 
- operand 2: RI 
Examples: 
A OPERATION A 
/. ioe Snes era oa nek eee Feet XLE 1, te dai 
1. The contents of registers 6 and 7 are added and the sum is placed in register 6. If the new contents of 
register 6 are less than or equal to the contents of register 7, a branch is made to the address specified by ~ 


LOW. Otherwise, instruction execution proceeds sequentially. 
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2. The contents of registers 5 and 6 are added and the sum is placed in register 5. If the new contents of 
register 5 are less than or equal to the contents of register 7, a branch is made to the address specified by 
BRANCH. Otherwise, instruction execution proceeds sequentially. 


8.13. EX (EXECUTE) — 90/60,70 


M i 7 ‘si 
Inemonic er ee Hexadecimal Object 
Operation ‘Oparaiid Ronnies Operation Instruction 
Code Code Length 


Four Bytes 





Function: 


If the contents of operand 1, specified by ry. are 0, the instruction at the operand 2 address, specified by 


d,(x,,b,), is executed without modification. If operand 1 is not 0, the contents are used to modify the 


operand 2 instruction before that instruction is executed. 
Operational Considerations: 
a The address specified by operand 2 must be on a half-word boundary. 
a When operand 1 is not 0, modification of the operand 2 instruction proceeds as follows: A logical 
addition (OR) is performed on the contents of bits 24 through 31 of operand 1 and bits 8 through 15 of 


the instruction at the operand 2 address. The result replaces bits 8 through 15 of the operand 2 
instruction. The rules of operation for logical addition are illustrated by the following truth table: 


Result 


a Modification of the operand 2 instruction affects only the execution of the instruction and does not 
alter the contents stored at the operand 2 location. 






a The modified instruction is executed as if it were in the normal instruction sequence except that the 
instruction length code and updated instruction address fields of the current PSW reflect the EX 
instruction. 

a Normally, instruction sequencing continues with the instruction following the EX instruction. However, 


if the instruction at the operand 2 address is a successful branch instruction, the instruction address field 
of the current PSW is replaced by the branch address and instruction sequencing continues with the 
instruction located at the branch address. If the operand 2 instruction is branch-and-link or 
branch-and-link-external, the instruction address stored in the link register is that of the instruction 
following the EX instruction. 
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a If an interrupt occurs after the completion of the subject instruction, the old PSW contains the address 
of the instruction following the EX instruction or the branch address. ae 


a The condition code may be set by the instruction at the operand 2 address. 


a Possible program exceptions: 
NOTE: 


A program exception condition can be caused by the EX instruction or the instruction specified in the 
EX instruction. 


- addressing exception 

- execute exception 

- indirect address specification exception 
- indirect addressing exception 

_ protection exception 


— specification exception (ILACW not on full-word boundary; or the address specified by operand 2 is 


odd) 
a Relocation and indirection flags: 
- operand 1: none es 


— operand 2: RO, [O 


Example: 


A GPERATION A CPERARD A 





1. The instruction located at the address specified by SUBST is executed after modification according to 
the contents of register 6. After the execution of the instruction at main storage location SUBST, 
instruction sequence continues with the instruction following the EX instruction. 
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9. Status Switching Instructions 


9.1. GENERAL 


The status switching instruction set provides the capacility of altering the operating characteristics of the SPERRY 
UNIVAC Processor. Status switching instructions may be used to replace part or all of the current program status 
word (PSW) or to alter the contents of the SPERRY UNIVAC 90/60,70 protect key main storage. Certain of these 
instructions provide maintenance functions. 


Status switching instructions are available in the RR, RS, and SI formats. As such, the operands may be contained in 
the general registers, main storage, or within the instruction itself. The address of an operand in main storage may be 
specified as relative or absolute and direct or indirect under the control of the applicab!e relocation register flags. 


This section describes the operation of each status switching instruction. The instructions are arranged in 
alphabetical order according to mnemonic operation code. Each description includes a list of the possible program 
exceptions and condition codes which may result. In addition, the 90/60,70 relocation and indirection flags 
pertinent to the operand addresses and, in the case of the LPSW instruction, to the operand itself are listed. 


The object instruction format is shown only for those instructions which differ from the format shown in Figure 
3—1. For an explanation of the abbreviations used in describing instruction formats, see Table 3—1. 


9.2. DIAG (DIAGNOSE) — PRIVILEGED INSTRUCTION — 90/60,70 


Mnemonic Hexadecimal Object 
Operation 


Source Code 


eration Instruction 
Operand Format Operatio 


Code Code Length 


Function: 





The DIAG instruction is used to control diagnostic operation: 
a Channel Tester 


When the i field specifies a value of 80,, or 81,,, the DIAG instruction relates to the channel tester. 


The contents of the 32-bit base register specified by b, are added to the contents of the d, field to form 
a 32-bit field with the following format: 
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CHANNEL 
NUMBER 
~~ 
20) 21 23] 24 

If the A field specifies 80, a the channel specified by bits 21 through 23 is disconnected from the I/O 

interface and connected to the channel tester. 

If the is field specifies 81,,, the channel specified by bits 21 through 23 is disconnected from the 

channel tester and reconnected to the I/O interface. 

Operational Considerations: 

a This is a privileged instruction which is executed and controlled by the supervisor. 

o The condition code remains unchanged. 

a Possible program exceptions: 

- privileged operation exception 
s Relocation and indirection flags: none 
9.3. HPR (HALT-AND-PROCEED) — PRIVILEGED INSTRUCTION 
ee 
ous Source Code grace Pie! 
F ri nm nstruction 
Code Operand Format Code Length 
a 
Function: 
The processor is halted without loss of data and the contents of the operands may be displayed. 
Operational! Considerations: 

o This is a privileged instruction which is executed and controlied by the supervisor. 

a 9400/9480 systems — The processor halts and the storage address formed by d, + (b, ) is placed into the 
internal data address register, A. The contents of this register can be displayed on the maintenance panel. 
The next instruction in the program is executed when the operator presses the RUN switch. The in field 
of this instruction is ignored. A diagnostic error is issued whenever i, is specified. 

a 90/60,70 systems — The operand 1 address is placed in bit positions 8 to 31 of the storage address 
register. Operand 2, contained in the iS field, if present, is placed in bit positions 8 to 15 of the 
operation code register. The processor halts and the HPR indicator is activated on the system 
maintenance panel. The registers may then be selected and displayed on the system maintenance panel. 
The processor remains halted until the RUN switch is pressed. 

ee 


s The condition code remains unchanged. 
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a Possible program exceptions: 
- privileged operation exception 
a Relocation and indirection flags (90/60,70): none 


Examples: 


OPERAND A 












ee ee tnt madsen ion ett acesn eon etasnctatteran snninents atte tet 


oe eee ee |<. Lt CFL _ CO)... eth de i took tis yg ht pete oh 





L 
i 
k - 


1. The processor is halted and the value 00000000111 10001, is displayed. (Applicable only to 9400/9480 
format.) 


2. The processor is halted and the value of the address specified by 0 indexed by the contents of register 5 
is displayed. On the 90/60,70, the hexadecimal value 81 is placed in the operation code register. (Format 
correct for 90/60,70.) 


3. The processor is halted and the value 0000000011111010,, is displayed. On the 90/60,70, the value of 
TAGX, which must have been previously equated to a value in the range O to 255, is placed in the 
operation code register. (Format correct for 90/60,70; an error code is generated in 9400/9480 system.) 


9.4. ISK (INSERT-STORAGE-KEY) — PRIVILEGED INSTRUCTION — 90/60,70 


Mnemonic i j 

os ‘ : Source Code Hexadecimal Format Cbiect 
Operation Operation Instruction 
Code 


Code Type Length 


CO 


Function: 


Operand Format 





The 5-bit storage key contained in the key memory location in operand 2, specified by ro. is inserted into the 
operand 1 register, specified by r,. 


Operational Considerations: 
s This is a privileged instruction which is executed and controlled by the supervisor. 
a Bits 8 through 20 of operand 2 designate the location from which the storage key is to be taken. 
s The storage key is inserted into bits 24 through 28 of operand 1. 
a Operand specifications are the same as for the SSK instruction (9.10). 
s The condition code remains unchanged. 
5 Possible program exceptions: 


_ addressing exception (operand 2 specifies a nonexistent block of storage) 
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_ privileged operation exception 
~ specification exception (bits 28 through 31 of operand 2 are not Q) 
a Relocation and indirection flags: none 


Example: 





OPERAND A 


(RAS RSS. hod eet Satoh Wood Ro le th Ae dati eld 


1. Presuming that R4$ and R5$ have been equated to 4 and 5, respectively, the storage key in the key 
memory location specified by bits 8 through 20 of register 5 is inserted in bit positions 24 through 28 of 
register 4. 


9.5. LBR (LOAD-BASE-REGISTER) — 90/60,70 


Mnemonic on Cod Hexadecimal F Object 
pang wee eu’ Operation ormat Instruction 
Length 


a a 


Function: 


Operand Format Code Type 





The offset value contained in the current relocation register is subtracted from the updated instruction 
address. The relative instruction address thus formed is placed in bit positions 8 through 31 of the register 
specified by r. Binary zeros will be placed in bit positions O through 7 of the register specified by r. The 
constant 00010101 is placed in bit positions 0 through 7 of the current relocation register and the applicable 
relocation register in main storage. 


Object Instruction Format: 


OPERATION ree HF en 
ae Sal 





Operational Considerations: 
= If the r designator is zero, no operation takes place. 
a The condition code remains unchanged. 
s Possible program exceptions: none 


a Relocation and indirection flags: none 
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Example: 


LABEL AOPERATIONA OPERAND 
16 





1 10 
eat fay geal Al 





9.6. LCS (LOAD-CONTROL-STORAGE) — PRIVILEGED INSTRUCTION — 90/60,70 





















Mnemonic 














Hexadecimal Object 
: Source Code 
Operation Operand Format Operation Instruction 
Code Code Length 
Function: 


The number of microinstructions specified by the r, field plus 1 are transferred from main storage, beginning 
with the microinstruction located at the operand 2 address, specified by d,(b,), to the proper section of the 
control storage, beginning at the address specified by the contents of operand 3, specified by ry: 

Operational Considerations: 


a This is a privileged instruction which is executed and controlled by the supervisor. 


a The number of microinstructions to be transferred is computed as the operand 1 register specification 
plus 1. 


s The register specified by operand 3 contains the address of the section of control storage to be loaded as 
follows: 


- If bit 16 of the operand 3 register is 0, bits 23 through 31 specify the location in the address 
calculator (AC) section of the control storage into which the first microinstruction is to be loaded. 
Bits 0 through 15 and 17 through 22 are ignored. 

- If bit 16 of the operand 3 register is 1, bits 21 through 31 specify the location in the operand 
manipulation (OM) section of the control storage into which the first microinstruction is to be 
loaded. Bits 0 through 15 and 17 through 20 are ignored. 

a The condition code remains unchanged. 
a Possible program exceptions: 
- privileged operation exception 


_ addressing exception (specified main storage or control storage location is nonexistent) 


- indirect address specification exception 
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- indirect addressing exception 
- protection exception 
— specification exception (operand 2 or [ACW not on full-word boundary) 


Examples: 


LABEL A OPERATION A OPERAND A 


i 6 yanvnsacnsgennsnmaone = we = Pracmnent Fab sieedamnaedteienperngpictesieentle once eneetielnanemnapecoaunsebeneened 









|. = ae $,4. INST oo Hl B lovegy ners eee Rees Fool ait pede tw bed SP i ise 
2. Se TB. 5: OC 4 J ‘oe Pai Sdcddiy Depa: ox. “3 Foret ene reed Caage dite 2 
3 an ibis: (C3). dot Meee Eas on oe ee a 
4. me 6,°7., TAG4SCZ) os bo oh ae Po Ae de 

1. Six instructions, beginning at location INST, are loaded into control storage. Register 2 contains the 


address in control storage into which the instructions are loaded. 


2. Eight instructions, beginning at the location specified in register 4, are loaded into control storage. 
Register 3 contains the address in control storage into which the instructions are loaded. 


3. Ten instructions, beginning at location 8 indexed by the value in register 3, are loaded into control 
storage. Register 1 contains the address in control storage into which the instructions are loaded. 


4. Seven instructions, beginning at location TAG4 indexed by the value in register 2, are loaded into 


control storage. Register 7 contains the address in control storage into which the instructions are loaded. 
TAG4 must have been previously equated to a value not greater than 4095. 


9.7 LPSW (LOAD-PROGRAM-STATUS-WORD) — PRIVILEGED INSTRUCTION 


Mnemonic Hexadecimal 


Source Code Format Object 


Operand Format Operation Instruction 


Operation T. 
ype 






Code Code Length 
Function: 


The current program status word (PSW) is altered according to the contents of operand 1, specified by d ,(b,). 
Operand 2, contained in the is field, contains a secondary operation code. 


Operational Considerations 
. This is a privileged instruction which is executed and controlled by the supervisor. 


a 9400/9480 systems — The double-word operand is in storage at address d, + (b, ). This operand is placed 
into the program status register unaltered. The interrupt code and instruction length code of the current 
PSW, bits 16 through 33, remain unchanged. The i, field of this instruction is ignored. A diagnostic error 
is issued whenever i, is specified. 
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a Bits 0 through 23 and 34 through 39 of double-word operand 1 replace the corresponding bits of the 
current PSW. If the RI flag of the current relocation register is 0, bits 40 through 63 of operand 1 
at replace the corresponding bits (the instruction address field) of the current PSW. If the RI flag of the 
current relocation register is 1, bits 40 through 63 of operand 1 are added to the offset value from the 
current relocation register. The sum replaces bits 40 through 63 of the current PSW. 


a 90/60,70 systems — The is field contains the secondary operation code. If the secondary operation code 
is O, the hardware priority circuit examines the state of all interrupt request lines immediately after the 
current PSW is replaced by operand 1. If an interrupt request is pending and the corresponding mask bit 
of the current PSW is 1, an interrupt initiation sequence (IIS) takes place. If the secondary operation 
code is 1, the hardware priority circuit is inhibited and no IIS can occur after the current PSW is 
replaced by operand 1. This inhibition is removed when the processor resumes instruction execution 
under control of the current PSW. If the secondary operation code is not 0 or 1, the result of the LPSW 
instruction is unpredictable. If i, is not specified, 0 is assumed. 


a The condition code is set equal to bits 34 and 35 of operand 1. 


a Possible program exceptions: 


SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 
Privileged operation 












Addressing 













Indirect address specification 


Madina ore eras: 
a 











ee 
Specification (operand 1 or [ACW 
not on full-word boundary) 
5 Relocation and indirection flags (90/60,70): 
- operand 1: RO, 1O 
| 
_ operand 2: none 
- bits 40 through 63 of operand 1: R! 
Examples: 
A OPERATION A OPERAND A 
] o j 6 re RADON AR NI LIONEL rare RNR RAN MRA HANA A AIK RRR APOE CORK ONE KIRA EAI OR 
ve igs lee eos ee, oS Se en, St nacons tren nam manana ahah ie Or Te eer RAMON Chee OeceRAN er habee OES AA eE AT 
a eee jLPSW. NEWPSw, [. i H shh Heda wsicthin a bydioncbe a the ud ceo 
1. Bits O through 23 and 34 through 63 of the double word specified by NEWPSW replace the contents of 
the current PSW. The secondary operation code is presumed to be 0 (9400/9480 format). 
ac 2. Bits O through 23 and 34 through 63 of the double word specified by NEWPSW replace the contents of 
the current PSW. Since the secondary operation code is 1, on 90/60,70 systems, no interrupt can take 
place after the current PSW is replaced until the processor resumes execution of instructions (90/60,70 
format). 
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9.8. RDD (READ-DIRECT) — PRIVILEGED INSTRUCTION — 90/60,70 





hoe 
Meemoun: Source Code Hexadecimal Format Object 
Operation Gperand Focinee Operation Type Instruction 
Code Code FP Length 
TS EC A 
Function: 
The operand 1 address specified by d, (b,) is used as the storage location for the data received on the direct 
control bus-in lines. Acceptance of this data prepares the processor for receiving data from an external device 
or processor from which the signal originated. The operand 2 byte, contained in the ls field, is sent as eight 
timing signals on the timing signal bus-out lines. 
Operational Considerations: 
s This is a privileged instruction which is executed and controlled by the supervisor. 
a The RDD instruction is used as part of the Direct Control and External Interrupt Feature (F 1335—00) 
which provides direct communications of controlling and synchronizing information between two 
processors or between a processor and an external device. 
a The signal received on the eight direct control bus-in lines is placed in the operand 1 storage location, 
provided no HOLD signal is present. The HOLD signa! prevents the direct control bus-in lines from being 
read until the signal data is present. A parity bit is generated as the data is stored. 
~~ 


a The byte specified as ie is sent as eight timing signals on the timing signal bus-out lines. No parity is 
associated with these signals. At the same time, an identica! timing signal is sent on the read-out line to 
inform the other device that the processor is receiving data on the direct control bus-in lines. 

s The condition code remains unchanged. 

a Possible program exceptions: 

- addressing exception 
- indirect address specification exception 
_ indirect addressing exception 
— operation exception (direct control and external interrupt feature not installed) 
- privileged operation exception 
_ protection exception 
- specification exception (IACW not on full-word boundary) 
o Relocation and indirection flags: 


_ operand 1: RD, ID 


- operand 2: none 
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Examples: 
~~ Pe ARORA ROE AR eR MRR ARORA UH SE ROSNER RR OEE PRL MASE ISRSSES Ct DONEC SSTERMBAAL AN MARA OA Er DYKES OF SOON nth ER ERE ORC ENO ERE ETHPCE Nitec oc nbn Serer ea TERRA SON A NOHO DROME OER CUOUAL I ROMEEMRTEE RHOBNAMHY. OHA 
A OPERATION a OPERANE A 
1a 

~Tepp _| lace cougigsemanmmm sree al “outa ssa 

: ae 

i (ip ‘ a ee i ae tae, 

Fo ves Se eee Sea Ie + ADD. on wx 4 CLE! opr: Demee Gama: Senet aces: ee 0 Ome | meet ees entre es Cems Sapa ee ean Gree She Cee © 

1. One byte is read into main storage location 0 indexed by the value in register 6. The value 08,, s 
transmitted to the sending processor. 

2: One byte is read into main storage location 0 indexed by the value in register 9. The hexadecimal value 
in main storage location VALUE is transmitted to the sending processor. VALUE must have been 
previously equated to a value in the range 0 to 255. 

3. One byte is read into main storage location DISP indexed by the value in register 1. The value APs is 
transmitted to the sending processor. DISP must have been previously equated to a value not greater 
than 4095. 

9.9. SPM (SET-PROGRAM-MASK) 
Mnemonic Skee Boils Hexadecimal een Object 
Operation Opeiand Format Operation Instruction 
Nee’ 
Function: 
The program mask field of the current PSW is changed according to the contents of the register specified by r. 
Object Instruction Format: 
Operational Considerations: 

a 90/60,70 systems — Bits 2 through 7 of the full-word contents of the specified register replace the 
program mask field (bits 34 through 39) of the current PSW. 

a Bits 0, 1, and 8 through 31 of the register are ignored. 

a 9400/9480 systems — Bits 2 through 5 of the register, defined by r, replace the condition code and 
program mask portion of the current program status word (PSW), bits 34 through 37. All other bits of 
this register are ignored. 

cd a The condition code is set equal to bits 2 and 3 of the specified register. 


a Possible program exceptions: none 


“ Relocation and indirection flags: none 
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Example: 
OR ee SEM na OR LT EP UO ee PT ca canarias See 5 Oe gehen ae hae ae ts ~~ 
OPERAND A 
I. 13 | Sores eae | sdk boul waa od =e 
1. The program mask field of the current PSW is changed to the value specified by the contents of bits 2 
through 7 of register 3. 
9.10. SSK (SET-STORAGE-KEY) — PRIVILEGED INSTRUCTION — 90/60,70 
Oneaion Source Code peeping ein 
Operand Format Code Length 
Tx | |= | = | =m | 
Function: 
A main storage key is defined by the contents of operand 1, specified by Ue and is placed in the processor key 
memory location designated by the contents of operand 2, specified by ro 
Operational Considerations: 
~~ 


a This is a privileged instruction which is executed and controlled by the supervisor. 


2 The 5-bit value contained in bit positions 24 through 28 of operand 1 is placed in the processor key 
memory location specified by bits 8 through 20 of operand 2. 


a The processor key memory location designated by operand 2 is associated with a block of main storage 
located on an integral boundary which is a multiple of 2048 bytes. Bits 28 through 31 of operand 2 
must be 0. Bits 0 through 7 and 21 through 27 of operand 2 are ignored. 

a The main storage key, bits 24 through 28 of operand 1, provides for write only or write and read 
protection within a 2048-byte block of main storage. Bits 24 through 27 provide write protection 
identity for the specified block. If bit 28 is 1, read protection is provided. Bits 0 through 23 and 29 
through 31 of operand 1 are ignored. 

a The condition code remains unchanged. 

a Possible program exceptions: 

- addressing exception (operand 2 specified a nonexistent block of main storage) 
- privileged operation exception 


_ specification exception (bits 28 through 31 of operand 2 are not 0) 


a Relocation and indirection flags: none 





~~ 
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Example: 


LABEL A 





ATION A SE RAND A 
af 
i 





| SSK. ni Rus, RSS, 





1. Presuming that R4$ and R5$ have been equated to 4 and 5, respectively, bit positions 24 through 28 of 
register 4 are placed in the key memory location specified by bits 8 through 20 of register 5. 


9.11. SSM (SET-SYSTEM-MASK) — PRIVILEGED INSTRUCTION 


Mnemonic Hexadecimal Object 


: Source Code : 
Operation Oneisnd Format Operation Instruction 
Code P Code Length 


a 


Function: 





The system mask bits of the current PSW are changed according to the contents of the operand, specified by 
d(b). 


Object Instruction Format: 


OPERATION IMMEDIATE OPERAND 1 
CODE 718 OPERAND 15 19 


unused 











Operational Considerations: 
a This is a privileged instruction which is executed and controlled by the supervisor. 


a 9400/9480 systems — The byte operand in storage at address d, + (b, ) replaces the system mask field of 
the current PSW, bits 0 through 6. The low order bit of the byte operand is ignored. 


. 90/60,70 systems — Bits 0 through 12 of the half-word operand replace the system mask (bits 0 through 
12) of the current PSW. 


a The condition code remains unchanged. 


a If the location specified by the operand contains the hexadecimal value FFD8, the following interrupts 
are allowed: 


~ program check 
- machine check 
_ external 

_ timer 


_ read direct 
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— selector 1 

_ selector 2 

- selector 3 

- selector 4 

- communications intelligence channel 
- multiplexer channel - standard 

- multiplexer channel - status table 


If the location specified by the operand contains the value 0000, 6" all interrupts are inhibited except the 
supervisor call interrupt. 


a Possible program exceptions: 






SPERRY UNIVAC 90/60,70 Systems SPERRY UNIVAC 9400/9480 Systems 


a Relocation and indirection flags (90/60,70): 







Privileged operation 


Specifications 






1. Operand 1 not on half-word 
boundary 







2. tACW not on full-word 
boundary 





- operand 1: RO, IO 


Example: 


LABEL A GPERATION A OPERAND A 


: cen cL een disease danse 


iat coastal, 
i tam. [VSIA tN 











i 


etnies hatin Baa it 


1. 9400/9480 systems — Bits 0 through 6 of the byte specified by SYSMASK replace the system mask (bits 
0 through 6) of the current PSW. 


90/60,70 systems — Bits 0 through 12 of the half word specified by SYSMASK replace the system mask 
(bits O through 12) of the current PSW. 
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9.12. SVC (SUPERVISOR-CALL) 


Mnemonic Sounne a. Hexadecimal Finiiet Object 
Operation 


Operation Instruction 
Code Code Length 


Type 
fet oe ee i eo 


Operand Format 





Function: 
A supervisor call interrupt request is generated. 


Object Instruction Format: 


OPERATION OPERAND 1 
CODE 8 15 


0A 





Operational Considerations: 
s When the interrupt is granted, the contents of the i field are stored as the interrupt code in the current 
PSW. The current PSW is stored in the supervisor call old PSW location, and the contents of the 


supervisor call new PSW location replace the current PSW. 


s The condition code is set equal to bits 34 and 35 of the supervisor call new PSW. It remains unchanged 
— in the old PSW. 


a Possible program exceptions: none 


a Relocation and indirection flags (90/60,70): none 





| LABEL 
! 
se samuesp i seca, bone 


1. A supervisor call interrupt is generated and the value 00001111, is stored in the old program status 
word. 
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9.13. WRD (WRITE-DIRECT) — PRIVILEGED INSTRUCTION — 90/60,70 

























Mnemonic 
Operation 


Hexadecimal 
Operation Instruction 
Code Length 


ee 


Source Code Object 


Operand Format 


Code 


Function: 





The contents of the byte at the operand 1 main storage location specified by d, (b, ) are made static signals on 

the direct control bus-out lines. The operand 2 byte, contained in the i, field, is sent as eight timing signals on 

the timing signal bus-out lines. These signals are used to alert an external device or another processor for 

communications. 

Operational Considerations: 

a This is a privileged instruction which is executed and controlled by the supervisor. 

a The WRD instruction is used as part of the Direct Control and External interrupt Feature (F1335—00) 
which provides direct communications of controlling and synchronizing information between two 


processors or between a processor and an external device. 


a The byte contents of operand 1 are made a static signal on the eight direct control bus-out lines. No 
parity is associated with the signal. The signal remains until the execution of another WRD instruction. 


s The byte contained in the i, field is sent as eight timing signals on the timing signal bus-out lines. No 
parity is associated with these signals. At the same time, an identical timing signal is sent on the 
write-out line to inform the external device that the processor is sending data on the direct control 
bus-out lines. 

= The condition code remains unchanged. 

a Possible program exceptions: 

- addressing exception 
- indirect address specification exception 
- indirect addressing exception 
_ operation exception (direct control and external interrupt feature not installed) 
— privileged operation exception 
— protection exception 
- specification exception (LACW not on full-word boundary) 
. Relocation and indirection flags: 


- operand 1: RO, 10 


- cCperand 2: none 
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Examples: 














LABEL A OPERATION A GPERAND A 
1G oer i6 ™ Se cen note anne sean bce srtiewsoncencer seg Meee seme nan snare ie re ee NO irons 
pee y= Seal cnepeonmedt-eerncmnecameretainrens mews sane noaave amet aahon esearch etna TA a etna’ soe ete noaprert eee ananeeeceNetwartee tntaeetcat au mNaRINe amoaCUaeOeCN a rornregs prone 
ht WRD . | '0(5)., WOO aden aed eta acd: 
ay Tey go AGE VALUE cunt eiyagctnsacteldta ca ale 
f ri A 
te) WRD | i. ‘DIS. PLL) De Galo Vu seal ae ee me oe Oe er as 

1. One byte is written from main storage location O indexed by the value in register 5. The hexadecimal 
value 01 is transmitted to the receiving processor. 

2. One byte is written from main storage location 0 indexed by the value in register 5. The hexadecimal 
value in main storage location VALUE is transmitted to the receiving processor. VALUE must have been 
previously equated to a value in the range 0 to 255. 

3. One byte is written from main storage location DISP indexed by the value in register 1. The value 1F,, 
is transmitted to the receiving processor. DISP must have been previously equated to a value not greater 
than 4095. 
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10. Input/Output Instructions 


10.1. GENERAL 


The input/output instruction set of the SPERRY UNIVAC Operating System/4 (OS/4) Assembler provides for the 
initiation, testing, and termination of operations executed by the multiplexer channel selector channel, 
communications intelligence channel (CIC), and operating system storage facility (OSSF) control channel. 


The execution of an input/output instruction begins with the activation of a signal from the processor to the 
appropriate channel requesting initiation of the operation. The processor then waits for an acknowledge signal from 
the channel. Depending on the state of the channel, the operation is initiated, or the processor is informed of the 
reason why the operation was not initiated. 


This section describes the operation of each input/output instruction. The instructions are arranged in alphabetical 
order according to mnemonic operation code. A list of the possible program exceptions and condition codes which 
may result is included. There are no pertinent relocation and indirection flags for input/output instructions. See 
Table 3—1 for an explanation of the abbreviations used in describing instruction formats. . 


Table 10—1 describes the letters used to form codes describing the channel states as applicable to the input/output 
instruction. The state of the individual unit is indicated by the position of the letter in the channel state code. From 
left to right within the code is an indication of the state of the channel, subchannel, and subsystem. 


10-1 
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Table 10—1, Channel State Codes 


a 


A Available Channel 
Subchanne! 


Channel 








Ready to accept t/O instruction and execute the operation specified. 
Multiplexer channel is always available. 















Selector channel: same as available channel. 
Multiplexer channet: mode in the hard channe! control word is idle. 








If subsystem control unit contains information on the state of the 
addressed device or queries the addressed device, the subsystem is 
available if neither the control unit nor the addressed device is 
executing a previously initiated operation or is holding pending status. 
if the subsystem contains no information on the state of the addressed 
device or does not query the addressed device, it is available if the 
control unit is neither executing a previously initiated operation nor 
holding pending status. 









Selector channel: interrupt-causing device or subchannel status has developed, 
an interrupt request has been activated, and all other 
operations have been halted. 

Multiplexer channel: device status has been accepted from a standard device and 
stored in the hard channel control word, or an interrupt has 
been detected in a channel command word related to a 
standard subchannel, an interrupt request has been activated, 

and all other status is in a waiting state. 


Interrupt 
Pending 













Subchannel Selector channel: same as channel in interrupt pending state. 


Multiplexer channel: mode in the hard channel! control word is terminated or reset. 


The subsystem is holding pending device status. 















Nonopera- | Channel Channel is offline or not present. 


Subchannel 


: _ 









Multiplexer channel: specified subchannel is not installed. 
Selector channel: same as nonoperational channel. 











Offline, powered down, not installed, or does not recognize its 
address during the initial selection sequence. 























Selector channel: operating in burst mode or a chaining sequence is 
in progress. 

Multiplexer channel: not possible. 

Selector channel: same as working channel. 

Multiplexer channel: |= mode in the hard channel control word is active 
or chain. 


Subsystem Control unit or device is executing a previously initiated operation. 


Any operational state 
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10.2. HIO (HALT-I/O) — PRIVILEGED INSTRUCTION — 90/60,70 























oie Source Code pene Format ona 
fe) F r struction 
Code perand Format Code Type Length 
ee aa (a a |e 
Function: 
The halt-1/O instruction causes the addressed selector channel, subchannel, and device to terminate the current 
operation. Any pending device or subchannel status is stored in the initial status word (ISW), and the 
appropriate condition code is set. 
Object Instruction Format: 
OPERATION IMMEDIATE OPERAND 1 
CODE OPERAND 15 19 }.20 
unused 
Operational Considerations: 
a This is a privileged instruction which is executed and controlled by the supervisor. 
a The HIO instruction applies to the operation of the selector channel only. 


a The contents of the 32-bit register specified by the b field are added to the contents of the d field to 
form a 32-bit field with the following format: 


CHANNEL 
NUMBER 


DEVICE 
ADDRESS 


IGNORED 





a The channel specified by bits 21 through 23 and the device and subchannel, implied by the device 
number, specified by bits 24 through 41 are addressed, and the operation proceeds as follows: 


State Procedure 
AAX lf the addressed channel and subchannel are in the available state, the condition code is set 


to 0 and no ISW is written. 


WwwXx If the addressed channel is transferring data in burst mode, the device address in the HiO 
instruction is ignored, and the operation with the device is terminated by an interface 
disconnect sequence. Command or data chaining is suppressed. An ISW with the device 
address of the terminated device and the incorrect length bit set to 1 is written. The 
condition code is set to 2. The mode is set to idle. 
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State Procedure 

HX If the addressed channel and subchannel are in the interrupt pending state with pending 
device or subchannel status, the pending status is written into the ISW, the interrupt pending 
condition is cleared, and the condition code is set to 1. The mode is set to idle. 

NXX If the channel is not available or nonoperational, the condition code is set to 3 and no ISW is 


written. If the channel is available or in the interrupt pending state, the device is not 
addressed. In these cases, the fact that a device was nonoperational would not be indicated 
until the next reference of the device for a test-I/O or start-I/O instruction. 


Table 10—2 summarizes the resulting condition codes and {SW contents for the HIO instruction. 


Selector 


Table 10—2, HIO Instruction Condition Codes and Initial Status Words 


ISW Contents 


eae eure arse 
Status 


No {SW written 


Condition 
Code 


Channel 
State 


wwx Active device address Unpredictable Incorrect length and any 


other present 


WX Address of device 
associated with 


pending status 


Any pending status Any pending status 


No ISW written 


Addressed device a Program check 





Multiplexer 


* The device address specified in the operand field of H1O is ignored. 


s An HiO instruction issued to the multiplexer channel results in an {SW with the program check bit set 
and a condition code of 1. 
a Possible program exceptions: 
_ privileged operation exception 
s Relocation and indirection flags: none 
Example: 







A OPERATION A OPERAND 


10 


16 
| if OLB)... 


Sheotll a a tN co Runcible ees Ree! nares irre ree Gree Wree Gener Otroee Same Rene Ie Oar 


1. 


The channel and device address is represented by the sum of 10 and the contents of register 8. 
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10.3. LCHR (LOAD-CHANNEL-REGISTER) — PRIVILEGED INSTRUCTION — 90/60,70 














Ne 
Mnemonic Ssaceceais Hexadecimal Object 
Operation Cerand Faivat Operation Instruction 

Code ” Code Length 
A 
Function: 

The load-channel-register instruction is used to transfer 32 bits of information from location 180,, in main 
storage to a location in the channel register stack (CRS), specified by d(b). 
Object Instruction Format: 
OPERATION OPERAND 1 © OPERAND 2 
CODE 15}16 19,20 
Operational Considerations: 
a This is a privileged instruction which is executed and controlled by the supervisor. 
a The LCHR instruction applies to the operation of the multiplexer channel. 
eee” 
a The contents of the 32-bit register specified by the b field are added to the contents of the d field to 
form a 32-bit field with the following format: 
CHANNEL 
NUMBER IGNORED 
IGNORED REGISTER 
NUMBER 
20{ 21 23|24 25 |26 
a The register number field (bits 26 through 31) specifies in binary the location of one of 32 full words in 
the CRS (64 if the Subchannel Expansion Feature, F1518, is installed). The contents of location 180 are 
transferred to the specified register, and the condition code is set as follows: 
- If the transfer is completed successfully, the condition code is set to 0. 
- !f the channel detects a storage error on the access of location 180, an ISW with the appropriate 
channel control check code is written and the condition code is set to 1. 
- If the channel is nonoperational or the specified register is not installed, the condition code is set 
to 3. 
- !f the LCHR instruction is issued to a selector channel in the available state, an ISW with the 
program check bit set is written; the condition code is set to 1. An LCHR instruction issued to a 
—_ selector channel in any state other than available causes the condition code to be set to 2. 


Table 10—3 summarizes the condition codes and ISW’s for the LCHR instruction. The codes for the channel 
states are given in Table 10—1. 
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Table 10—3. LCHR Instruction Condition Codes and Initial Status Words 









ee 
Channel Channel Condition iSW Contents 
Status 
Multiplexer AXX fe iors No ISW written. 
NXX ‘ 
Selector ax [| ot |__| Program check 
IXX : 
WXX zs No ISW written 
* Storage error in access of 180, 
a Possible program exceptions: 
— privileged operation exception 
a Relocation and indirection flags: none 
Example: 
A OPERATION A OPERAND A ae: 


19 16 


1. The contents of location LOADC and the contents of register 6 are added to form the binary value of 
the channel and device address. Assume that LOADC has been previously defined as equal to a value not 
greater than 4095. 


10.4. SCHR (STORE-CHANNEL-REGISTER) — PRIVILEGED INSTRUCTION — 90/60,70 



































Mnemonic Shares Code Hexadecimal Farivar Object 
Operation Ostend’ Kanne Operation rT Instruction 
Code E ve Length 


Code 
ee 


Function: 


The store-channel-register instruction is used to transfer 32 bits of information from a specified location in the 
CRS, specified by d(b), to location 180, 6 in main storage. 
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Object Instruction Format: 

















— 
OPERATION IMMEDIATE OPERAND 1 
CODE OPERAND 19 1 20 
unused 
Operational Considerations: 
os This is a privileged instruction which is executed and controlled by the supervisor. 
s The SCHR instruction applies to the operation of the multiplexer channel. 
a The contents of the 32-bit register specified by the b field are added to the contents of tne d field to 
form a 32-bit field with the following format: 
CHANNEL 
NUMBER IGNORED 
IGNORED REGISTER 
NUMBER 
20421 23 (24 25 126 
The register number field (bits 26 through 31) specifies in binary the location of one of 32 full words in 
the CRS (64 if the Subchannel Expansion Feature, F1518, is installed). The contents of the specified 
register are transferred to location 180, 6 and the condition code is set as follows: 
ee _ If the transfer is completed successfully, the condition code is set to 0. 
— If the channel detects a storage error on the access of location 180, an ISW with the appropriate 
channel control check code is written and the condition code is set to 1. 
- If the channel is nonoperational or the specified register is not installed, the condition code is set 
to 3. i 
_ If the SCHR instruction is issued to a selector channel in the available state, an ISW with the 
program check bit set is written; the condition code is set to 1. An SCHR instruction issued to a 
selector channel in any state other than available causes the condition code to be set to 2. 
Table 10—4 summarizes the condition codes and initial status words for the SCHR instruction. The 
codes for the channel states are given in Table 10—1. 
Table 10—4, SCHR Instruction Condition Codes and Initial Status Words 
Channel Condition iy Somrents ; 
Status 
No !SW written 
Selector Program check 
~~ 


No ISW written 





* Storage error in accesss of 180, 6. 
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] Possible program exceptions: 





















eo . . — 
- privileged operation exception 
a Relocation and indirection flags: none 
Example: 
A OPERATION A OPERAND A 
16 16 AE Oe RE TA RE te oe 2a 
1. The contents of main storage location STORE and the contents of register 5 are added to form the 
binary value of the channel and device address. Assume that STORE has been previously equated to a 
value not greater than 4095. 
10.5. SIO (START-I/O) — PRIVILEGED INSTRUCTION = 
Mnemonic Hexadecimal Object 
Operation 0. alee Operation Instruction 
ie . Code Length 
ee ee 
Function: ret 
The start-I/O instruction is used to initiate all read, read backwards, write, control, and sense operations. If in 
the proper state, the specified channel reads the channel! address word (CAW) and the first CCW and initiates 
the operation with the device. On the 90/60,70 systems, if any device or subchannel status develops during the 
initiation of the operation, an ISW is written. The completion of the SIO instruction sets the appropriate 
condition code in the current PSW. 
Object Instruction Format: 
OPERATION IMMEDIATE OPERAND 1 
CODE 8 OPERAND 0 
unused 
9400/9480 Operational Considerations: 
a This is a privileged instruction and is executed only in the supervisor mode. 
a Execution of the start 1/O instruction performs the following: 
- Accesses the channel address word (CAW) for the address of the first channel command word 
(CCW) for selector channels. CAW is stored in supervisor general register 0. 
- The selector channel puts the CCW into hardware. ; 
ee 


- The channels access the device and initiate the operation. 





7935 Rev. 1 SPERRY UNIVAC Operating System/4 10-9 


UP-NUMBER PAGE REVISION PAGE 


a The CCW for the selector channel or the SCW and BCW for the multiplexer channel specify the type of 
operation, data address, controls, and data byte count. 


a The 32 binary value produced by adding the contents of b, to the d, field specify the channel and 
device address. The channel is specified by bits 21 through 23 and the device specified by bits 24 
through 31. 

- The specified device is initiated by and operates under the control of the CCW, SCW, or BCW. 


s Condition code is set as follows: 


to 0 (0) if the !/O operation is initiated and is being executed; 


to 1 (01) if an immediate status word has been stored; 


to 2 (10) if the selector channel is busy; 


to 3 (11) if device or channel is not operational. 


a Basic procedures for using the start I/O instruction are as follows: 


establish one or more CCWs, (SEL), or SCWs and BCWs (MPX) in main storage; 


load the channel address word (CAW) with the address of the first CCW (SEL) or the command in 
the CAW (MPX); 


= specify the channel and device number in the operand 1 portion of the start I/O instruction: 


_ issue the start !/O instruction; 


test the conditon code for determination of result of |/O operation. 
90/60,70 Operational Considerations: 
= This is a privileged instruction which is executed and controlled by the supervisor. 
a The SIO instruction applies to the operation of the multiplexer and selector channels. 


a The contents of the 32-bit register specified by the b field are added to the contents of the d field to 
form a 32-bit field with the following format: 
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CHANNEL 
NUMBER 


DEVICE 
IGNORED ADDRESS 


20} 21 






a The channel specified by bits 21 through 23 and the device specified by bits 24 through 31 are addressed 
and the operation proceeds as follows: 


State Procedure 





AAA If the addressed channel, subchannel, and device are in the available state, the condition 
code is set to O and the prescribed 1/O operation proceeds under the control! of the channel 
and subchannel. 


1X, WWX 
(Selector) 
X!X,XWX 
(Multi- 
plexer) 


tf the addressed channel is in any state other than available, the device is not addressed; the 
operation is halted, and the condition code is set to 2. 


AAW, AAI If the addressed channel and subchannel are available but the addressed device is in the 
working or interrupt pending state, an ISW with the appropriate device status is written and 
the condition code is set to 1. For devices which present channel end and device end 
separately, an available subchannel may have a working or interrupt pending device. In this 
case, the selector channel or multiplexer subchannel becomes available after the interrupt 
with the channel end indication. The S!O instruction is issued before the device end has been 
accepted at the channel. Similarly, in subsystems with the dual channel access or dual access 
facility, the control unit may be operating under the control of an active subchannel in 
another channel while receiving the SIO instruction from the addressed channel. 


If the control unit is in the interrupt pending state with device status (for example, device 
end or attention) for the addressed device, the pending device status including the busy bit is 
written into the ISW and cleared in the control unit. if the control unit is working or in the 
interrupt pending state with pending status for a device other than the addressed device, the 
device status written into the ISW will contain the busy and status modifier bits; however, 
the pending status is not cleared in the control unit. 


NXX, If the addressed channel, subchannel, or device is nonoperational, the condition code is set 
XNX, to 3. 
XNN 


The resulting condition codes and ISW contents are summarized in Table 10—5. The codes 
for the channel states are given in Table 10—1. 
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- Table 10—5, SIO Instruction Condition Codes and Initial Status Words 

























eet 
Ch 1 Conditi ISW Contents _ 
anne ondition 
a aoe ore 
Status 
Multiplexer PF aaaw fl No ISW written 
sal paar | tt | Addresses device =| OT 
Selector AAI Addressed device 
NXX 
XNX 3 
XXN 
Selector as 2 No ISW written 
WWX 
@ If the control unit contains pending status for the addressed device, busy and pending status bits are set in the device 
status field; otherwise, busy and status modifier bits are set. 
@) If the control unit is working, busy and status modifier bits are set in the device status field. If the control unit is 
available and the device is working, only the busy bit is set. 
a Detection of any of the following errors causes the operation to be aborted by a selective reset to the 
device: 
Se - storage errors in the access of the CAW, the relocation register, or the first CCW; 
- format errors in the contents of the CAW or CCW; 
- parity errors in the address or status from the device. 
If any of these errors are detected, an ISW is written with the appropriate subchannel status bits set and 
the condition code is set to 1. 
a Possible program exceptions: 
- privileged operation exception 
a Relocation and indirection flags: none 
- none 
Example: 
A OPERATION A 
16 16 
} (STO. | Ito (8)... 
+ 


1. Ten is added to the contents of register 8 to form the binary value of the channel and device address. 
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10.6. TCH (TEST-CHANNEL) — PRIVILEGED INSTRUCTION — 90/60,70 














ee” 
Mnemonic Source Code Hexadecimal Format ebiact 
Operation - Geter Fownat Operation Type Instruction 
Code P Code y Length 

a 
Function: 

The test-channel instruction is used to determine the current state of the addressed channel. The appropriate 

condition code is set in the current PSW and any pending status is written into the ISW. 
Object Instruction Format: 

OPERATION IMMEDIATE OPERAND 1 

0 CODE 718 OPERAND 15 { 16 19 | 20 31 
Operational Considerations: 

2 This is a privileged instruction which is executed and controlled by the supervisor. 

a The contents of the 32-bit register specified by the b field are added to the d field to form a 32-bit field 

with the following format: — 
CHANNEL 
NUMBER 
IGNORED IGNORED 
20) 21 23| 24 

a The channel specified by bits 21 through 23 is addressed and the condition code is set. The operation 

proceeds as follows: . 

State Procedure 

AXX If the addressed channel is available, the condition code is set to 0 and no ISW is written. 

IXX If the addressed channel is in the interrupt pending state, the pending device and subchannel 
status and the device address associated with that status are written into the {SW and the 
condition code is set to 1. The interrupt request associated with the pending status is 
cleared. 

WXX If the addressed channel is in the working state, the condition code is set to 2 and no ISW is 
written. A condition code of 2 from the selector channel implies that the channel is 
operating in burst mode. A condition code of 2 from the multiplexer channel is not possible. 

NXX If the addressed channel is not present or not operational, the condition code is set to 3 and — 


no ISW is written. 
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Table 10—6 summarizes the resulting condition codes and ISW contents for the TCH instruction. The 
codes for the channel states are given in Table 10—1. 





Table 10-6. TCH Instruction Condition Codes and Initial Status Words 
fda llth cece 
Status 
Multiplexer No ISW written 
ane Address of device Any pending status Any pending status 
associated with pending 
status 
No 1SW written 
a Possible program exceptions: 
_ privileged operation exception 
a Relocation and indirection flags: none 
Example: 
OPERAND ‘A 


rer rena cconiee te austen nse et ee NNO NLY ha eee Ae NN os mA taney ma ite Hann wh na nan Seer arene Cason SIN aaa aeNT Te 


H 





1. One is added to the contents of register 9 to form the binary value of the channel and device address. 


10.7. TIO (TEST-I/O) — PRIVILEGED INSTRUCTION — 90/60,70 


M 7 : . 
saben Source Code "Operation Format Sbisct 
Operation wake ration Instruction 

Operand Format 


T 
ve Length 


Code 
ieee ea eee 


Function: 





The test-I/O instruction is used to determine the current state of the addressed channel, subchannel, and 
device. The appropriate condition code is set in the current PSW. Any status pending in the subchannel or 
device is written into the [SW and the pending interrupt condition is cleared. 
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Object Instruction Format: 





OPERATION IMMEDIATE OPERAND 1 
0 CODE 718 OPERAND 15} 16 19} 20 31 


Operational Considerations: 


This is a privileged instruction which is executed and controlled by the supervisor. 


The contents of the 32-bit register specified by the b field are added to the contents of the d field to 
form a field with the following format. 


CHANNEL 
NUMBER 


DEVICE 


IGNORED ADDRESS 





The contents of the 32-bit register specified by bits 21 through 23, and the device and subchannel 
implied by the device address specified by bits 24 through 31, are addressed and the condition code is 
set. The operation proceeds as follows: ~ 


State Procedure 
AAA If the addressed channel, subchannel, and device are available, the condition code is set to 0 


and no ISW is written. 


AAI, AAW If the addressed channel and subchannel are available and the control unit contains pending 
status for the addressed device, the device status is cleared in the control unit and written 
into the ISW. The condition code is set to 1. If the control unit is working..or contains 
pending status for a device other than the one addressed, the device status written in the ISW 
contains the busy and status modifier bits, and any pending status is not cleared in the 
control unit. If the control unit is available but the addressed device is working, the device 
status contains the busy bit only. 


AIX If the addressed channel is available (or interrupt pending for other than the addressed 
(Multi- device) but the addressed subchannel is in the interrupt pending state for the addressed 
plexer) device, the device is addressed and any device status returned is written along with any 


pending subchannel status into the ISW. The condition code is set to 1. Depending on the 
setting of the mode in the appropriate hard channel control word (HCCW) and the device 
status returned, the subchannel is left in the interrupt pending state or cleared to the 
available state. If the mode is reset, then any device status returned and the pending 
subchannel status are written in the ISW. The mode is then set to idle and the subchannel is 
available. If the mode is terminate, the device status must be examined. If the device status 
contains at least the busy bit, the device status and any pending subchannel status are 
written into the ISW. However, the mode is left as terminate and the subchannel remains in 
the interrupt pending state. If the device status contains at least the channel end bit, the 
device status and any subchannel status are written into the ISW. The mode is then set to 
idle and the subchannel is available. 


— 
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State 


HX 
(Selector) 


IXX 
(Multi- 
plexer) 


WXX 
(Selector) 


XWX 
(Multi- 
plexer) 


NXX, 
XNX, 
XXN 
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Procedure 


If the addressed subchannel contains pending subchannel status for a device other than the 
addressed device, the addressed device is not interrogated, the condition code is set to 2 and 
the subchannel status is left pending. 


If the addressed channel (or subchannel) contains pending device or subchannel status for the 
addressed device, the device is addressed and any status returned is merged with the pending 
status in the ISW; the condition code is set to 1. If the addressed channel contains pending 
status for a device other than the addressed device, the condition code is set to 2 and the 
status is left pending. (If the addressed device became nonoperational between the time that 
device status was accepted or subchannel status developed and the time that the device is 
addressed, the pending status would be written into the ISW and the condition would be 
cleared in the channel. The fact that the device was nonoperational would be indicated the 
next time the device is interrogated.) 


If the addressed channel is in the interrupt pending state with pending device status for the 
addressed device, the device is interrogated and any device status is merged with the pending 
device status. The merged device status and any associated subchannel status is written into 
the ISW and the condition code is set to 1. If the addressed channel is in the interrupt 
pending state for other than the addressed device, the state of the subchannel determines 
further operation. That is, if the subchannel is in the interrupt pending state, the operation 
continues as for the AIX state; if in the working state, as for the XWX state. 


If the addressed channel or subchannel is in the working state, the condition code is set to 2 
and the operation with the device continues. 


If the addressed subchannel is in the working state, the condition code is set to 2 and the 


operation with the device continues. 


If the addressed channel, subchannel, or device is not present or not operational, the 
condition code is set to 3. 


The resulting condition codes and ISW contents are summarized in Table 10—7. The codes for the 
channel states are given in Table 10—1. 
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Table 10—7, T!1O Instruction Condition Codes and Initial Status Words 


Channe! Condition 
_ State Code Device Address Device Status 












Subchannel 
Status 







Multiplexer | aaa | No ISW written 
Selector res vice ending status yp 


AAA 
AAI 
Busy and status modifier 2) 
N 
4 


Busy and status modifier Any present 


Addressed device 


wo 

c 

< 
®) 





NXX 
XNN No 1SW written 
x 


A 
A 
A 
Xx 
Addressed device Any returned by device 
IX 
XW 


Pending status 


2 No ISW written 


Multiplexer 
. Addressed device Merge of returned and Any present 
pending @) 
Same as AXX, where X=A,1, or W @ 
No ISW written 


2 
Selector WX Addressed device Merge of returned and Any pending 
ae 2 “~ No tsWwritten © 
2 


2} @ 











No !SW written 








Pending status for addressed device. 


Pending status for other than addressed device. 


Control unit working. 


Control unit available; device working. 


Interrupt pending for addressed device. 


©®® OO 8 Oo 


Interrupt pending for other than addressed device. 
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11. Data and Storage Definition 


11.1. GENERAL 


Two statements are available to the SPERRY UNIVAC Operating System/4 (OS/4) for specifying either data to be 
used as stored constants (DC) or storage areas to be reserved (DS). The formats for these statements are similar to 
machine instruction format. A symbol may appear in the label field, is assigned the address of the leftmost character 
of the constant or storage area specified in the operand field, and has a length attribute equal to that of the constant 
or storage area. The maximum length attribute of a symbol is 256. The programmer must branch around areas 
reserved in line with the program. 


The operation code is DC (define constant) or DS (define storage). The operand field is divided into subfields which 
specify the information needed to create the data or storage area. The general format of the operand field is 
described in 11.2 and 11.3. Table 11—1 lists the characteristics of constant and storage types. Detailed descriptions 
are provided in 11.7 and 11.8. 


Table 11-1. Characteristics of Constant and Storage Types 


Len in Bytes 
Storage Code Truncation gth 


cat Storage Format A 
Specification or Padding Implied | Neca | 


Character Characters Character Variable 1 256 (DC) 
65,535 (DS) 


Constant or Storage Type Alignment 


Hexadecimal Hexadecimal Hexadecimal Variable 256 (DC) 
digits . 65,535 (DS) 


Binary Binary Binary Variable 256 
digits 


Packed decimal Decimal Packed Variable 
digits decimal 


Zoned decimal Decimal Character : Variable 
digits 


Half-word fixed point Half word Decimal Fixed-point 
digits binary 


Full-word fixed point Full word Decimal Fixed-point 
digits binary 


Half-word address Half word Expression Binary 
Full-word address Fult word Expression Binary 


Base and displacement Half word One or two Base and 
expressions displacement 





\ External address Full word Relocatable Binary 
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11.2. DC (DEFINE CONSTANT) STATEMENT 


The DC statement specifies data to the assembler that is to be used as stored constants. These constants are 
generated and produced in object output format ready to be loaded along with the program instructions. The format 
of the DC statement is: 






A OPERATION A OPERAND 






[symbol] {d]t[Ln] a 
where: 
d is the duplication factor. 
t is the type of constant. 


Ln _ is the explicit length (modifier). 
Cc is the constant specification. 


Multiple operands in a DC statement are not permitted. 


The various constants and the specifications necessary for each type of DC statement are described in 11.4. 


11.3. DS (DEFINE STORAGE) STATEMENT 


The DS statement is used to specify a storage area to be reserved by the assembler. 











OPERAND 


en [150 






LABEL A OPERATION A 








[symbol] 


where: 
d is the duplication factor. 
t is the type of constant. 
Ln _ is the explicit length (modifier). 
c is the constant specification. 


The various constants and specifications necessary for each type of DS statement are described in 11.4. The 
following modifications should be noted: 


a Data can be specified in the constant subfield; however, the constant is not assembled. It allows the assembler 
to determine the size of the storage area needed when implied length is variable. The type field must be 


specified. 


2 All types of constants are legal. 
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s C and X type constants have a maximum length of 65,535 bytes instead of 256 bytes as in DC statements and 
literals. However, the maximum length attribute associated with the constant subfield is 256. 


a Storage areas reserved by a DS statement are not set to 0. 
a Storage locations reserved by boundary alignment for DS statements are not set to 0. 
The grouping together of all DS statements produces a more efficient object code. 
11.4. DC AND DS STATEMENT OPERAND SUBFIELDS 
The operand field (dtic) is divided into four subfields that describe and identify the data or storage space to be 
generated. The four subfields are: 
a Duplication (d) 
= Type (t) 
a Length modifier (1) 
. Constant (c) 
The subfields must be specified in the stated order with the duplication factor first and the constant last. The type 
(t) subfield is always present, the constant (c) subfield is required for DC statements only. 
The following is a valid example for a typical DC statement with the subfields identified. 
re 


Example: 


A OPERATION A OPERAND A 
10 16 


pw kane: 'S C L383‘ 024.65 6 BABC.’. : BA ars Soe I bon Tee eee (eae as es eae Lome ee a Rimae 


of tte esd t FO PRS (OL lr Dek Vee ES EN er a LEO ee FN La Sry Lae Os | 
ln Posto ied Roi Pah Pol ae dee ee 
ee es es Es ee Geos eee Ls Ler oe PKs SSUES re Ce Me Lee Te Ca Ce Ce ee a es 


Lg ie 1 _ : i ee ae: aoe 
ee ee ae a Oe Se SE SL OE SN SOE SE SE SO SO SS 











cna Be Sl ty i a Ie ok ote ge 

le angth acter On Poe ey den Bes ee pet ee a De eT 
Ledetoded i pelt py Pb a a 
constant ia th a is jentatia Se et Ee Veet Bs Sed as nv ee LO OM Wey es POT 1s es Ce 


Blanks or punctuation marks cannot separate the subfields. Blanks can appear only in the constant subfield as part 
of a character constant. 
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11.4.1. Duplication Subfield 


The duplication subfield designates the number of identical constants to be generated. Either an unsigned decimal 
self-defining value or a positive absolute expression enclosed in parentheses (with all terms predefined) may be used 
to specify the duplication factor. If the subfield is omitted, the duplication factor is assumed to be 1. A duplication 
factor of 0 does not generate a constant or storage area, but advances the location counter to proper boundary 
alignment if no length is specified and assigns the location counter value to the symbol in the label field (if a label is 
present). In generating literals, a duplication factor of 0 is illegal. 


11.4.2. Type Subfield 


The type subfield designates the type of constant to be generated (11.7). One of 11 characters is used to specify this 
type. Paraforms and set symbols cannot be used to specify replacement of the type character. Valid characters and 
what they represent are shown in Table 11—1. The type subfield is to be present as it determines the alignment, 
truncation, storage form, and implicit length of the constant. 


11.4.3. Length Modifier Subfield 


The length modifier subfield designates the number of bytes to be used in generating the constant. The length factor 
follows the character L and can be either an unsigned decimal value or a positive absolute expression enclosed in 
parentheses (with all terms predefined). This factor can be stated for al! types of constants and is used to establish 
the number of bytes the constant or storage definition occupies. Constants that do not exactly fit the area specified 
are padded or truncated to the length specified. The character L may not be generated by the replacement of 
paraforms or set symbols. 


If the length factor is specified, boundary alignment is not provided; however, when the length is omitted, the 
implied length is used and boundary alignment is provided for most types of constants {Table 11—1). 


11.4.4. Constant Subfield 


The constant subfield specifies the value (subject to modification by the length subfield) of the constant to be 
generated. The values for the various types of constants are represented in different ways. A data value 
representation is specified by enclosing it in apostrophes and an address value representation is specified by enclosing 
it in parentheses. 


Data Constant Address Constant 
‘constant’ (constant) 


11.5. LITERALS 


Literals can be used in machine instructions wherever a storage address is permitted, because they are replaced with 
the storage address of the constant generated from the literal specifications. 


A literal is identified by an equal sign (=) preceding a constant specification in the format described in 11.4. 


The handling of literals by the assembler is described in 2.3.2. 
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Example: 


meena SN OO bh RR A nL te eA tern paste UNE IRN Se NOL 


1O Baers 





The following restrictions must be observed in the use of literals: 
a Only one literal can appear in an instruction. 

Ld] Assembler directives cannot contain literals. 

a Literals cannot have a duplication factor of 0. 


a S type literals are not permitted. 


11.6. ALIGNMENT 


All machine instructions must be aligned on half-word boundaries. The first byte of the instruction must have an 
address that is divisible by 2. Constanis, however, can be aligned on a half word, full word, or no boundary at all. 
Table 11—1 indicates the kind of alignment, when necessary, for data or storage definition statements if no length 
factor is stated. When a length factor is specified by the programmer, no alignment is provided. A duplication factor 
of 0 in DC and DS statements does not generate a constant or storage area, but for some types of constants it forces 
a boundary alignment if no length factor is coded. This method provides a convenient means of obtaining a 
— boundary alignment before generating a constant that is not automatically aligned by the assembler. Any bytes 
skipped to align constants are zero filled. However, bytes skipped to align storage areas are not zero filled. 


11.7. DATA CONSTANT TYPES 


Data constants are absolute values generated by the assembler which require no modification by the relative loader. 
The seven types of data constants are discussed in the following paragraphs. 


11.7.1. Character Constants 


A character constant is specified by the character C in the type subfield and up to 255 characters enclosed by 
apostrophes in the constant subfield. Any of the 256 valid card punch combinations can be used. Each character is 
stored in one byte using the 8-bit character code. If no length factor is specified, the length in bytes of the constant 
equals the number of characters specified. If the length factor is present, the character specification is truncated or 
filled with blanks (if necessary) to the right of the last character and to the length specified. Boundary alignment is 
not required. 


Two consecutive apostrophes or two consecutive ampersands are necessary to generate the character code for one 
apostrophe or one ampersand within the constant. A single apostrophe in the character representation terminates the 
constant. Multiple constants are not permitted for this constant type. 
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Examples: 


A OPERATION A OPERAND A 





| Cua At ee ees eer ere 


H a Nise eee . i 


ore Berk tot bce BA i ROE Sh Aah 
| Lio! EMPL. DIV. ee eee ! 

He Liat. FO I Co TCE GLO rs PEE EE OA OE ES PR ED ANE A el 
1 Bene Oh2345 | le lied ht Gt Ate nel 


ee er Rie eeen eae eee et ve 


1. A 2-byte constant containing the following: 
AA 

2. A 1-byte constant containing the following: 
A 

3. A 2-byte dsbetant containing the following: 
AA 

4. A 10-byte constant containing the following: 
AEMPLADIVA 

5. A 12-byte constant containing blanks. 

6. A 12-byte constant containing the following: 
123412341234 

7. An 18-byte constant containing the following: 


12345A1 2345/1 2345 


11.7.2. Hexadecimal Constants 


A hexadecimal constant is specified by the character X in the type subfield and up to 255 hexadecimal digits 
enclosed by apostrophes in the constant subfield. Two hexadecimal digits are assembled into one byte. The 
maximum length that can be specified in the length modifier for a hexadecimal constant is 256 bytes (512 
hexadecimal digits). If an odd number of digits is specified, the first, or leftmost, byte of the constant contains a 
hexadecimal 0 in the four leftmost bits and the first digit in the four rightmost bits. If no length factor is specified, 
the length in bytes of the constant is half the sum of the number of digits or 0’s specified. If the length factor is 
present, the hexadecimal specification is truncated or filled with hexadecimal 0’s (on the leftmost end) if neeeeser ye 
to the length specified. 


os 
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LABEL A OPERATION A OPERAND 
16 


LB 4)! 


A 3-byte constant containing the following: 


00000000 00000000 00000001 

A 3-byte constant containing the following: 
00000001 00100011 01000101 

A 4-byte constant containing the following: 
00001010 10111100 00010010 00111101 

A 4-byte constant containing the following: 
00000000 00000000 00001111 11111111 

A 3-byte constant containing the following: 
11111111 11110000 00000000 

A 4-byte constant containing the following: 
00000000 00000000 00000000 00001010 

A 2-byte constant containing the following: 


00100011 01000101 


‘11.7.3. Binary Constants 
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A binary constant is specified by the character B in the type subfield and up to 255 binary digits (bits) enclosed by 
apostrophes in the constant subfield. Eight bits are assembled into one byte. The maximum length that can be 
specified in the length modifier for a binary constant is 256 bytes. Because only 255 bits can be specified, only the 
least significant 32 bytes of the constant may have their value specified. The high order bytes are zero filled. Binary 
O’s are added to the leftmost end as necessary to ensure byte boundary alignment. If no length factor is specified, 
the length in bytes of the constant is one-eighth the number of the digits specified (the binary 0’s added are counted 
as digits). If the length factor is present, the binary specification is truncated or filled with binary O’s (on the 
leftmost end) as necessary, to the length specified. 


7935 Rev. 1 SPERRY UNIVAC Operating System/4 11-8 


UP-NUMBBR PAGE REVISION PAGE 


Examples: 








A OPERATION A OPERAND A 


LL IBALOL! i Pe ae Oe ee en ee 
BL2'11100101 101 00001 1010" re 
[BL (cS (clin ok eee eee ee eee 





1. A 1-byte constant containing the following: 
00000101 

2. A 2-byte constant (with most significant bits truncated) containing the following: 
01011010 00011010 

3. A 2-byte constant containing the following: 


00000000 10110111 


11.7.4. Packed Decimal! Constants 


A packed decimal constant is specified by the character P in the type subfield and up to 31 decimal digits enclosed 
by apostrophes in the constant subfield. The digits are packed two digits to a byte; therefore, each decimal digit 
requires four bits. A leading sign (+ or —) can be coded within the apostrophes. A plus sign is represented by a 
hexadecimal C and a minus sign is represented by a hexadecimal D. If a sign is not specified, a plus sign is assumed. 
Multiple constants are permitted. 


If no length factor is specified, the length of the constant is the required number of bytes needed to contain the 
constant, a sign, and the possible addition of 0 bits. When an even number of packed decimal digits is specified, the 
leftmost digit is unpaired because the rightmost digit is paired with the sign. In this case, the most significant four 
bits of the leftmost byte contain a hexadecimal 0 and the most significant four bits of the least significant 
(rightmost) byte contain the first (rightmost) digit. The least significant four bits of the rightmost byte always 
contain the sign of the constant. 


If a length factor is present, the decimal specification is truncated or filled with hexadecimal 0's if necessary (on the 
leftmost end), to the length specified. 


Examples: 





A OPERATIONA OPERAND A 
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1. A 2-byte constant containing the following: 
468C 

2. A 2-byte constant (with most significant digit truncated) containing the following: 
476C 

3. A 3-byte constant containing the following: 
00325D 

4. A 6-byte constant containing the following: 


3810381C381C 


11.7.5. Zoned Decimal Constants 


A zoned (unpacked) decimal constant is specified by the character Z in the type subfield and by up to 16 decimal 
digits enclosed by apostrophes in the constant subfield. A plus or minus sign can be coded within the apostrophes; if 
none is present, a positive sign is assumed. The digits are assembled one to a byte with a hexadecimal F (EBCDIC) or 
hexadecimal 3 (ASCII) inserted into the most significant four bits of all but the least significant byte. The most 
significant four bits of the least significant byte contain the sign. If no length factor is specified, the length in bytes 
of the constant is the number of decimal digits in the constant subfield. If the length factor is present, the decimal 
specification is truncated or filled with decimal 0's, if necessary (on the leftmost end), to the length specified. The 
rightmost byte always contains the sign and the rightmost digit specified. A plus sign is represented by a hexadecimal 
C, and a minus sign is represented by a hexadecimal D. A decimal point may be included in the constant subfield, 
but is ignored by the assembler. 


Examples: 


A GPERATION A OPERANG A 
1G 16 


2ZL3'-G254'. fnsidssvdbalettind hath viene’ Fee ne er es ees ee 







1. A 5-byte constant containing the following: 


BYTE 1 2 3 4 5 

Hexodecima | F | o | e | 7 fe fo | | 8 | c | 2 | 
aN Re 

EBCDIC 

Character 0 7 6 8 B 


2. A 6-byte constant containing the following: 


BYTE 1 2 3 4 2 2 
Hexadecimal = | F | 2] Fe | 5 | of] 4] ef 2} es | | 4 | 
Sar ee ae ee 


EBCDIC 
2 5 M 2 5 M 


Character 
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A half-word constant is specified by the character H in the type subfield and up to 10 significant decimal digits 
enclosed by apostrophes in the constant subfield. A plus or minus sign can be included within the apostrophes. If no 
length factor is specified, the constant has the implied length of two bytes and must not contain a value greater than 
+32767 or —32768. If the length factor is present, the decimal value specification is truncated or filled with binary 
0’s if necessary (on the leftmost end), to the length specified. The value specified in the constant subfield may be an 
integer, a fraction, or a mixed number. However, the fractional portion of the mixed number is lost and the decimal 


value of the entire number is converted into a binary format for storage. 


Examples: 





LABEL / operation A GPERAND 
16 16 








i 


LS," 2:7", Pe ee 


Ree ie eel ees foun. ial ive 





ee 


1. A 2-byte constant containing the following: 
00000000 00011011 
2. A 3-byte constant containing the following: 


00000000 00000000 00011011 


11.7.7. Full-Word Constants 


i 


i 
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A 
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A full-word constant is specified by the character F in the type subfield and up to 10 significant decimal digits 
enclosed by apostrophes in the constant subfield. A plus or minus sign can be included within the apostrophes. If a 
length factor is not specified, the constant has the implied length of four bytes. If the length factor is present, the 
decimal value specification is truncated or filled with binary O’s, if necessary (on the leftmost end), to the length 
specified. The value specified in the constant subfield may be an integer, a fraction, or a mixed number. However, 
the fractional portion of a mixed number is lost and the decimal value is converted into a binary format for storage. 


Example: 





A OPERATION A OPERAND 
16 , 


Ruarniernerse aun wn teh oosoee ooo ueemen srtminn a 
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DC. 





A 4-byte constant containing the following: 


00000000 00000000 00000000 00011011 


coped tesnaneeais aserateisuetenreacenueienti sweater eins 
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11.8. ADDRESS CONSTANT TYPES 


Address constants are relocatable values generated by the assembler that are usually altered by the relative loader to 
reflect the storage address that the program occupies when it is executed. Address constants are often used to load 
base registers or to provide a means of referencing external addresses. if there is a location counter reference in the 
constant subfield of an address constant and the duplication factor is greater than 1, then the value of the location 
counter is adjusted for each duplication of the constant. 


Each type of constant is described and examples of its use are shown in typical DC statements. 


11.8.1. Half-Word Address Constants 


A half-word address constant is specified by the character Y in the type subfield, and an expression enclosed by 
parentheses in the constant subfield. The expression may be absolute or relocatable. A length factor of 1 can be 
specified only for absolute expressions. Negative relocatable values are permitted. If no length factor is specified, the 
constant has an implied length of two bytes. If the length factor is present, the binary value is truncated or filled 
with binary 0’s (on the leftmost end) to the length specified. 


NOTE: 


Y-type constants allow addressing of only the first 32K bytes of main storage. Due to the possibility of 
multiprogramming in an environment of greater than 32K, the use of A-type constants instead of Y-type constants is 
recommended. 


Examples: 


OPERAND A 


ron tt macaroni ces nt “surmomntnen nein asensnne seme: 
naa nacmcisccmunieeinmenttnoncoetancnaconnaettatatmnn nate Ninian NANO CNACE NINN 


LEAS OleAs apie NS Sr prd res Soret ne eres ned cate eres Vaceee 


aes Se es 





1. Assuming that BOB equals 1446, the hexadecimal value is stored as a 2-byte constant containing the 
following: 


O5A6 
2. A 2-byte constant is generated containing the following: 


0606 


11.8.2. Full-Word Address Constants 


A full-word address constant is specified by the character A in the type subfield and an expression enclosed by 
parentheses in the constant subfield. The expression may be absolute, relocatable, or complexly relocatable. A 
length factor of less than three bytes can be specified only for absolute expressions. Negative relocatable values are 
permitted. If no length factor is specified, the constant has an implied length of four bytes and is aligned to a 
full-word boundary. If the length factor is present, the binary value is truncated or filled with binary O’s (on the 
leftmost end), to the length specified, The maximum length that may be specified is four bytes. The maximum value 
baat that may be specified for a full-word constant is 224—1. 
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Examples: 






A OPERATION A GPERAND A 


1 Assuming that SAM equals 3863, the hexadecimal value is stored as a 4-byte constant containing 
the following: 


QO000F 17 
2. A 2-byte constant is generated containing the following: 


1717 


11.8.3. Base and Displacement Constants 


A base and displacement constant is specified by the character S in the type subfield and one or two expressions 
enclosed by parentheses for each constant in the constant subfield. Only a length factor of 2 can be specified. !f no 
length factor is specified, the constant has an implied length of two bytes and is aligned on a half-word boundary. 
Negative relocatable values are not permitted. This type of constant is used to store addresses in the base and 
displacement form; the leftmost four bits represent the base, and the remaining 12 bits represent the displacement. 
If a constant is defined by a single expression, it may be either an absolute or a relocatable expression and the 
assembler converts it to a base plus displacement value. If two expressions are used to define a constant, the 
expression representing the base is enclosed in parentheses with the other expression (representing the displacement) 
preceding it and another set of parentheses enclosing the base and displacement specifications. In this case, both 
expressions must be absolute. The S-type constants may not be specified as literals. 


Examples: 





OPERAND A 
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Assume that constant with the label JOHN (line 3) has been assigned an address value of 1125 by the location 
counter, and that the USING directive (line 2) gives the effective value 1000, which is assumed to be in register 
3 at execution time (12.4.2). The operands in the two statements (lines 4 and 5) produce the same stored base 
and displacement value. The hexadecimal representation of this stored value is 307D: 


ee Ged ae eee 


Na 


Base 2 
: Displacement 
Register (12 bits) 
(4 bits) 


11.8.4. External Address Constants 


An external address constant is specified by the character V in the type subfield and an external symbol enclosed by 
parentheses in the constant subfield. The constant cannot be used to reference external data. The symbol need not 
be identified by an EXTRN statement. A length factor of 4 is permitted. If no length factor is specified, the constant 
has an implied length of four bytes and is aligned to a full-word boundary. The specification of a symbol in the 
operand field of a V-type constant does not constitute a definition of that symbol. A V-type constant within a 
CSECT of reference is converted to an A-type constant. 


Until the linkage editor replaces the hexadecimal representation in each byte with the correct value of the external 
labels, the value of each assembled constant is 0. 


Example: 






LABEL A OPERATION A OPERAND A 
10 16 


amarante papers | nN NN CNT a NT cae 
bat Be iad | Ip \C. me ey AS NGBILL). Pe ae ee eee teint mcthicoath ja thi canta e aiagine abamitheete i | Y 


This DC statement generates the following constant: 








00000000 


11.9. CCW (DEFINE-CHANNEL-COMMAND-WORD) DIRECTIVE 


The CCW directive defines and generates an 8-byte channel command word aligned on a double-word boundary. The 
channel command word is used to direct the operation of the multiplexer and selector channels. The format of the 
CCW directive is: 






A OPERATION A OPERAND 





{symbol] code,address, flags, count 
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where: He 
code is an absolute expression specifying the command code. 
address is an expression specifying the address of the data. This value is assembled as a 3-byte 
constant. 
flags is an absolute expression specifying the flag bits. 
count is an absolute expression specifying the number of bytes to be transferred. 


If a symbol appears in the label field, it is defined as equal to the address of the leftmost byte of the CCW and has a 
length attribute of 8. 


All four operands must be specified and separated by commas. 


Example: 










A GPERATION A OPERAND A 


eee 


A IL, TED X'40/.,50_ Es ie es Cine a ie ees 


where: ; 
1 is the command code for a write operation. 
TED is the label of the data address. 
X’40’ indicates a command chaining operation. 
50 is the number of bytes to be transferred. 
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12. Assembler Directives 


12.1. GENERAL 


The SPERRY UNIVAC Operating System/4 (OS/4) Assembler directives are statements which enable the user to 
control assembler operation. These directives control the assembler at assembly time just as operation codes control 
the operation of the central processor at execution time. Assembler directives are represented by mnemonic codes 
entered in the operation field of a line of code. The directives are used to define symbols, adjust location counter 
values, control assembly !/O formats, section programs, provide boundary alignment, and assign base registers. 


The following paragraphs describe the directives for the OS/4 assembler. The directives are arranged alphabetically 
within functional groups. 


12.2, EQU (SYMBOL-DEFINITION) DIRECTIVE 


The EQU directive is provided for symbol definition. It is used primarily for defining the length and value of a 
symbol. The format of the EQU directive is: 





A OPERATIONA OPERAND 


where: 
e represents an absolute or relocatable expression. 
a represents an absolute expression. 

All terms must be predefined. 


The symbol in the label field is defined as having the value of the first expression in the operand field. This value 
must be of the range —223 to 224—1. If overflow occurs during evaluation of this expression, the directive is flagged. 
The symbol has a length attribute equal to the value of the second expression in the operand. The maximum value 
allowed for this expression is 256. This expression may be omitted, in which case the symbol is defined as having the 
length attribute of the first term in the first expression. If that term is * or a self-defining term, the length attribute 
is 1. 
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Examples: 








A OPERATION A OPERAND A 
19 16 


bs. [Rscuro. .: ... 
EQU.. | || OO+TAG,1 SO 

QAO ITAGH PATON 
Qu. ai AG+(2TONK 200. 





Assuming that the value of the location counter is 2000 when these lines of code are encountered, the symbols 
are assigned the following values: 


1. TAG has a relocatable value of 2000 and a length attribute of 10. The location counter is advanced to 
2250. 


2. HIDE has a relocatable value of 2100 (100 + 2000) and a length attribute of 150. The location counter 
remains at 2250. 


3. | SEEK has an absolute value of 1020 (2000 + 1270 — 2250) and a length attribute of 10 (same as length 
of first term). 


4. GO has an absolute value of 1020 (2000 + 1270 — 2250) and a length attribute of 200. (The 200 
overrides the length of TAG.) 


12.3. ASSEMBLY CONTROL DIRECTIVES 
Assembler directives are available to control the program name and initial location, to section the program, to alter 


the location counter in a specified manner, to indicate the end of a program statement, and to designate the 
instruction with which execution of the object program is to begin. 


12.3.1. ASCII Directive 


The ASCII directive is used to define ASCII constant generation and literals immediately following the directive, up 
to the recognition of the next mode directive. The format of the ASCII directive is: 







A OPERATION A OPERAND 


unused 
If no mode directive is used, EBCDIC constants are generated. For further information, see 3.6.1 in DOS interchange 
standards, UP-7902 (current version). Literal constants are generated according to the mode under which they are 


referenced rather than the mode for the region in which they are generated. 


Example: 


AOPERATIONA OPERAND 
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12.3.2. EBCDIC Directive 


The EBCDIC directive is used to define EBCDIC constant generation immediately following the directive, up to the 
recognition of the next mode directive. The format of the EBCDIC directive is: 






A OPERATION A OPERAND 





unused EBCDIC 


If no mode directive is specified, EBCDIC constants are generated. 


Example: 










AOPERATIONA OPERAND A 


16 





ge Pe pe po pe Ne ye ete pe [oe 
pori tani tp pr ir toi ti ipa tin iy tia 














12.3.3. CNOP (Conditional-No-Operation) Directive 


The CNOP directive is used to adjust the location counter to a half-word, full-word, or double-word storage 
boundary. The format of the CNOP directive is: 






A OPERATION A OPERAND 


unused 


where: 
ais an absolute expression. 


The first expression in the operand field indicates a byte to which the location counter must be set. Legal values for 
the first expression are O and 2 for alignment relative to a full-word boundary and 0, 2, 4, and 6 for alignment 
relative to a double-word boundary. Zero indicates that the full-word or double-word boundary is desired; 2, the 
second byte (first half word) past the boundary; 4, the fourth byte (second half word) past a double-word boundary; 
and 6, the sixth byte (third half word) past a double-word boundary. 
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Permissible values for the second expression are 4 and 8, indicating that the adjustment is relative to a full-word or 
double-word boundary, respectively. 


If the location counter is already set to the indicated byte, CNOP has no effect. When alignment is needed, one, two, 
or three no-operation instructions are generated to increment the location counter to the proper half-word boundary 


and to ensure correct instruction processing. All terms must be predefined. 


Examples: 


contami MH also nacon Rinne Mh ORONO AIS AAA EOOR ARR ene enter 


A OPERATION A OPERAND A 








1. The current location counter is advanced, if necessary, to the first byte of the next double-word 
boundary. A legal! double-word boundary is any address value divisible by 8. 


2. The current location counter is advanced, if necessary, to the second byte (first half word) past the next 
full-word boundary. A legal full-word boundary is any address value divisible by 4. 
12.3.4. END (Program-End) Directive 
The END directive indicates to the assembler the end of a source module or a procedure definition being assembled. 


The format of the END directive for program end is as follows; the format for Proc-Definition-End directive is 
described in 13.1.3. 







A OPERATION A OPERAND 


[symbol] 


where: 
e is a relocatable expression. 


If a symbol appears in the label field of the END directive, it is assigned the current value of the location counter. 
This is normally one greater than the highest address assigned to the program being assembled. The END directive 
must always be the last statement in the source module or procedure definition. If the operand field contains an 
expression, it designates the point in the program or in a separately assembled program where control may be 
transferred after the program is loaded. If the END directive is missing, an END directive with a blank operand field 
is supplied by the assembler. 


Examples: 


1 inc oon mumnaEM NAINA mM eh 


OPERAND A 











Iwi ons siodiaznaideiiincdaind b witsilpasicidn atid, SAL batenndenges Batted Sob eeebinenabie a dae coon + bien daeda, “new seal anak aod 
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1. When the statement FOX is encountered, the essembly process is brought to an orderly halt. A transfer 
record is produced to identify the transfer address as the address of the instruction labeled BEGN. The 







a label FOX receives an address value equal to the value of the location counter when the END statement 
is assembled. 
2. If GO has a value of 1000, a transfer record with a transfer address of 1324 is generated. 
3. A transfer record is generated with a transfer address equal to the first address loaded. 
12.3.5, LTORG (Generate-Literals) Directive 
The LTORG directive is used to generate all literals previously defined, but not generated, in the source nodule. The 
format of the LTORG directive is: 
A OPERATION A OPERAND 
[symbol] 
The literals are generated following the occurrence of the LTORG directive. A symbol coded in the label field 
represents the first byte of the generated literal pool. LTORG directives may not appear within a dummy control 
section or in a blank common storage area. If there are no LTORG statements in a program and literals are specified 
or if any literals are specified after the last LTORG directive in a program, these literals are generated at the end of 
the first control section. The programmer must then ensure that there is a valid base register available at all times to 
Rae address the locations at the end of the first control section. 


12.3.6. ORG (Specify-Location-Counter) Directive 


The ORG directive is used to set or reset the location counter to a specified value. The format of the ORG directive 
is: 










A OPERATION A OPERAND 


[symbol] 


where: 
e is a relocatable expression. 


The location counter is set to the value of the expression in the operand field. When the expression is not present, 
the location counter is set equal to a value one greater than the highest location previously assigned in the current 
section. If a symbol appears in the label field, its value is also the value of the expression in the operand field and it 
is assigned a length attribute of 1. The expression in the operand field must be a relocatable expression whose 
unpaired relocatable term must represent an address in the same control section in which the ORG occurs. The value 
must be equal to or greater than the initial setting of the current location counter. If the expression is in error, the 
ORG directive is ignored and the line is flagged. The ORG directive makes it possible to set the location counter to a 
ee value which is not a half-word boundary. 
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All terms in the expression must be predefined. 


Bytes of storage reserved with a DS statement or an ORG directive are not set to 0 or cleared when the program is 
loaded. 


Example: 


LABEL A Operation A OPERAND A 
} 10 14 


: ain ccricaiacmancirent 
| PRG side [erate Boney cei ers eo cee ee Se | ares ave eve gee roa eens Onn cee eer! 


i 















This statement reserves A plus B bytes of storage, where A and B are previously defined symbols with absolute 
values. If A = 80, B = 160, and the value of the location counter is 1048, then 240 bytes are reserved beginning 
at the location 1048. The program may reference this 240-byte area by specifying AREA minus 240 as an 
operand. 


12.3.7. START (Program-Start) Directive 


The START directive defines the program name and tentative starting location. The format of the START directive 
is: 







A OPERATION A OPERAND 


[symbol] 


where: 
ais an absolute expression. 
All terms must be self-defining terms. 


The expression in the operand field is evaluated and incremented, if necessary, to make it a multiple of 8. The result 
becomes the initial setting of the location counter for listing purposes and is the value of the symbol in the label 
field. This symbol is available as an entry point without being separately defined as such, and is the name assigned to 
the object module. The length attribute of this symbol is 1. If no name is assigned, the object module name is 
ASMOBJO0. The operand of the START directive is an absolute value but is treated as relocatable. Thus, the value 
of the location counter and the coding following a START directive are relocatable. The actual storage location at 
which the program is to be located is determined by the supervisor. 


A START directive may be preceded by statements which do not alter or reference the location counter. If no 
START directive appears within the program, an invalid one is encountered, or the operand field is left blank, and 
the program is assembled relative to 0. If the label field is blank, an unnamed control section is defined. 


Example: 










a TE SO 


LABEL A GPERAT! on CPERAND A 
} 10 ; 


: TART | Ny t H22. 7 ! 


eal 
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Either one of these statements results in the program being assigned to locations starting at 1064 and having 
the symbol TEST defined with the relocatable value 1064. 


12.4. BASE REGISTER ASSIGNMENT DIRECTIVES 
The assembler assumes the responsibility of converting storage addresses to base register and displacement values for 


insertion into instructions being assembled. To do this the assembler must be informed of the available registers and 
the values assumed to be in those registers. The assembly directives USING and DROP are available for this purpose. 


12.4.1. DROP (Unassign-Base-Register) Directive 


The DROP directive informs the assembler that the specified registers are not available for base register assignment. 
The format of the DROP directive is: 





A OPERATION A OPERAND 






unused 






where each operand is an absolute expression which specifies by number (0 through 15) a register which is no longer 
available. 


Registers previously made available for base register assignment can be dropped and registers can be made available 
again (in a USING directive) after they have been dropped. The value which is assumed to be in a base register can be 
changed by coding another USING directive without an intervening drop of that register. 


Example: 


OPERAND A 


This statement specifies that register 1 is no longer available to the assembler. 














12.4.2. USING (Assign-Base-Register) Directive 


The USING directive informs the assembler that a specified register is available for base register assignment in 
operand addresses and that it will contain a specific value at execution time. The value must be loaded by the 
problem program into the registers specified by the USING directive. The format of the USING directive is: 





A OPERATION A OPERAND 
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where: 


v is an expression which gives the value that is assumed to be in the specified registers at execution 
time. This value may be relocatable or absolute. Literals are not permitted. 


] are absolute expressions specifying the numbers (O through 15) of the registers into which the 
value or modified values are placed. These register numbers do not necessarily have to be assigned 
in ascending sequence. 


ry er 9s 


The first register specified after the expression (v) is assigned the value of v, the next register is assigned the value of 
the first register plus 4096, the next register is assigned the value of the second register plus 4096, and so on through 
all the registers specified. A USING directive may specify a single register or a group of registers, or the registers may 
be specified by individual USING directives. 


The only addresses that may be covered by the registers indicated in a USING statement are those in the same 
control, dummy, or common section as the address represented by the first expression of the operand field of the 
USING statement. 


Register 0 may be specified as a valid base register. However, the assembler assumes that is always contains the value 
0. Any program using register O as a base register is not relocatable. Register OQ must be operand Me and any register 
specified in the operand field following register O is assumed to contain increments of 4096 from 0. If cover by 
Register O is desired for load address instructions and register O is not specified in a USING statement, cover error 
messages can be avoided through the use of the RO$ PARAM statement (E.2.7.). 


When the expression v is absolute, the indicated registers can be used to process only absolute effective addresses. 


When the expression v is relocatable, the indicated registers can be used to process only relocatable effective 
addresses. The registers r,,... are used to process only those addresses in the same control section as the address 
represented by the expression v. 


The value specification in a USING directive sets the lower limit of an address range. The upper limit of the range is 
automatically set 4095 bytes above the lower limit. The upper limit of a USING directive may be set less than 4095 
bytes by being overlapped by the lower limit of another USING directive. 


The range specified by a USING directive is used by the assembler to assign base register and displacement values to 
those effective operand addresses that fall within that range. 


If an operand address is specified as an effective address instead of a base register and displacement specification, the 
assembler searches the USING table for a value yielding a displacement of 4095 or less. If there is more than one 
such value, the value that yields the smallest displacement is chosen. If no value yields a valid displacement, the 
operand address is set to O and the line is flagged with an error indication. If more than one register contains the 
value yielding the smallest displacement, the highest numbered register is selected. 


Examples: 


seen aneannariensmmnmnnnnanninaae een Na otic ten et nbn eet te a 


A PSTeUONS. OPER AND A 









‘ UST, Nal Hox hase, ie 4 hole Rie ts ea a Se 
a USING agen 1423396 7, oe oat Sbra oh Ad tet wh 
USING | aK. wile latte de teh th che Ne Ae ee ee ey Pe pt dh ole he hk 











1. A range of 4096 bytes is specified beginning at location 4000 and ending at 8095. A value of 4000 is 
assumed to be stored in register 8. 
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2. The value 8000 is assumed to be in register 1, 12096 in register 2, 16192 in register 3, 20288 in register 
6, 24384 in register 7, 28480 in register 8, and 32576 in register 12. These register numbers and their 
assumed values are entered into the USING table in the order specified. 


3. This statement indicates to the assembler that the current value of the location counter is to be in 
register 10 at object time. (This is a relocatable value. A label can be used in place of a location counter.) 


12.5. PROGRAM LINKING AND SECTIONING DIRECTIVES 


A program or a portion of a program that is assembled as a single unit is called a module. A complex program can be 
made up of many modules, some of which are standard subroutines that can be used in any program. 


The assembler provides, as part of its output, information which allows these modules to be linked together, loaded, 
and then executed as a single program. Proper partitioning or sectioning reduces the execution time required to 
make changes to an existing program. If a change is required, only that module which is changed must be 
reassembled. The output is then linked with the remaining parts to produce the altered program. Proper partitioning 
of a program also reduces the number of symbols required in each of the separate assemblies. 


A symbol defined in the label field of module A and addressed in module B is said to be externally defined (by an 
ENTRY directive) in module A and referenced (by an EXTRN directive) in module B. Thus, by using the ENTRY 
and EXTRN directives, proper linkage is supplied when the separate modules are assembled. This information is 
passed to the linkage editor by the external definition records and the external reference records which are outputs 
of the assembler. 


The assembler also provides the capability of dividing one module into different sections. A control section is a 
group of instructions, constants, and storage areas. The proper execution of an instruction in one section must not 
depend on its position relative to instructions or data in another section. Sections can appear in the input in any 
order, and statements belonging to one section may be separated by statements belonging to one or more other 
sections. If the first statement is a START directive, its label becomes the name of the first control section. 


Each module can have a maximum of 255 external symbol identification items (ESID items). An ESID item contains 
special information that is used by the linkage editor in relocating modules and module sections, and in resolving 
references between modules. The following items cause the assembler to generate an ESID item: 

a each symbol in the operand field of an EXTRN directive; 

a each symbol used in an external address (V-type) constant; 

a each control section; 


a each dummy control section; and 


2 a common storage definition section. 


12.5.1. COM (Common-Storage-Definition) Directive 


The COM directive enables the programmer to define a control section which is a storage area common to two or 
more separately assembled routines. The format of the common section can be described by DS and DC directives. 
Labels which appear within the sections are defined. No data or instructions are assembled in a common section 
which has a separate location counter with an initial value of 0. Data may be entered into a common section only by 
execution of a program which refers to it. Labels defined in a common section are not subject to the restrictions 
eat! imposed on dummy section labels. 
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One assembly can define only one common section. However, several COM directives may appear among the source 
statements. Each COM directive after the first is taken to define a continuation of the common section previously 
described. When several routines defining common storage are linked, the resulting module contains only one section 
corresponding to the common section previously described. When several routines defining common storage are 
linked, the resulting module contains only one section corresponding to the common sections in the input modules. 
The length of this section is the length of the largest common section in the input modules. The format of the COM 


directive is: 






A OPERATION A OPERAND 


unused 


Examples: 


procram MODULE | 








aes = = eee PROGRAMMER ou. 
LABEL A GPERATION A OPERAND A 
t 14 
i. poids ade te a eae 
= if E j heath: A 7 eee eee eee 
Fie Meelis OEE L L bd dis eee fie oes Wao A 
Z. a ay oy perce Ne 2 Shao Enea i | ae ee: J dead, | 











pobeicter td aoe | i Fear Oats td eee Fes ek We Weed 
i ete LAL lee Nef gl ee ie el tris edt ee 
ae a RR a ae we PROGRAMMER Wo 
OPERAND A 
i 5. i mi oS ae 1 b ame | 
a onten aes | phat i i. 
cae ee es I Ue VRS AVES ea Ves GO Oe PT Ce 
TOME ROOM SOO ee Prt WD NU SUE CT VO CRT VRE YEE PRY ORs SR es OE ONE! De ie 1 Ve Ea 
L260 | = 
wie deep ha en tees) Si oe ah eh ed a Rye hp 





1. When module 1 is assembled, it uses the common storage area defined by line 2. 
2: The common storage area used by module 1 and module 2. 
3. When module 2 is assembled, it also uses the common storage area defined by line 2. 


4. The common storage area used by module 1 and module 2. 
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12.5.2. CSECT (Control-Section-Identification) Directive 


The CSECT directive indicates to the assembler that the source statements which follow belong to a control section 
diffent from other preceding source statements. Use of the CSECT directive allows the programmer to code parts of 
logical sections of a program in the order in which he encounters the need for them. The format of the CSECT 
directive is: 





A OPERATION A 






OPERAND 





[symbol] unused 


The label field of the CSECT statement contains the name of the control section. This symbol must t1ot appear in 
the label field of any other source statement except another CSECT statement. It is the name of the control section 
and is defined as an entry point of the program being assembled. The value of the symbol is the address of the first 
byte of the control section. If the label of the CSECT statement has appeared as a label of a previous CSECT 
statement, the succeeding statements are a continuation of the control section of that name. 


The use of CSECT eliminates the need to discontinue coding a section of a program in order to code another section 
upon which the original section is dependent by setting up the new section with CSECT and continuing. After the 
second logical section is coded or even partly coded, the programmer can revert to the original section by setting up 
CSECT with the same label given to the original section. The assembler reorganizes parts of each section and 
assembles it as one continuous control section. It is important to note, however, that neither the listing nor the 
sequence of object coding is reorganized. The reorganization that takes place is with respect to the final structure of 
the coding within main storage after loading; the addresses of the coding within main storage are indicated on the 
listing. 


Example: 


LABEL A operation A OPERAND A COMMENTS 
1 10 16 


_*, AUTDMATICALLY, SETS UP. CSECT, , 
i oe bore poh wo Si doe seal tee eet a ee DU ed 
Hees | i CODI NG: Sak PA: RI, A. DF. FDLRST. ri essa Sam HOE ORE. ete ae CF 
Sa eee ee os I oe cee, fee ve ee SECTION. CLA). Loh ttud ale oi at aa ls Aa die 4, 


i : 7 244 i 





{ | | 
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a Assembled output: 
First section labeled BILL — all of coding 1A, 1B, and 1C; 
Second section labeled MIKI — all of coding 2A and 2B. 
a Operational conditions: 
_ Direct addressing between control sections must not be attempted. 
_ The first CSECT with a unique label also sets up an automatic entry point. 
NOTE: 
Care must be taken to prevent linking CSECT and COM directives with duplicate names. A blank label field is 
permitted as a legitimate label only once. When both CSECT and COM directives have no labels, the label used 
for both is a blank; however, only one such label is permitted. 


- USING directive values between sections which define the same register must be redefined when each 
section is reentered. 


12.5.3. DSECT (Dummy-Control-Section-Identification) Directive 


The DSECT directive indicates to the assembler that the statements which follow are used to redefine a data storage 
area reserved either in the module being programmed or in another separately assembled module. If the data storage 
area is reserved in a separately assembled module, that module is later linked to the module containing the dummy 
control section. No storage is reserved for a dummy control section. Data and instructions appearing in a dummy 
control section do not become part of the assembled program. The format of the DSECT statement is: 






A OPERATION A OPERAND 





[symbol] 
A DSECT statement may not have a blank label field in a program which either has no START statement or has a 
START or CSECT statement with a blank label field. 


An LTORG directive may not appear in a dummy section. Labels of statements in a dummy section are called 
dummy labels. 


The following rules must be observed in the use of dummy labels: 


a An unpaired dummy label may appear only in an expression defining a storage address for a machine 
instruction or a constant of type S. 


a A base register may not be designated for this address field, but the resulting value must be covered by a 
USING statement. 


a The programmer must ensure that the appropriate value is loaded into the register specified in the USING 
statement, 


a To guarantee alignment between the actual storage area and the dummy control section, the programmer 
should align the storage areas on doubl-word boundaries. All dummy control sections are adjusted to begin at 


location 0. 


s The last source code input to an assembly must not be part of the dummy control section. 
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More than one dummy control section can be used within a module. 


Example: 


procram. MODULE A PROGRAMMER. 


LABEL A OPERATION A OPERAND A 
16 
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procram MODULE Be PROGRAMMER 








A OPERATION A OPERAND A 
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In module A, the symbol AREA, defined as an ENTRY point, is specified as 260 bytes. 


In module B, the base address of AREA is externally defined. Portions of AREA are redefined by DSECT as 
FLDA, containing two bytes, and FLDB, containing four bytes. FLDA and FLDB are relatively addressed as 
location 0 and location 2, respectively. Before FLDA and FLDB are addressed, register 9 must contain the 
base address of LAKE, which receives its true value at linker time. 
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12.5.4. ENTRY (Externally-Defined-Symbol-Declaration) Directive 


Each module must declare to the assembler the symbols defined within the module to which reference is made by 
other modules. Each symbol is referred to as being externally defined and is declared by the ENTRY directive. The 
format of the ENTRY directive is: 





A OPERATION A OPERAND 











unused symbol [,symbol,...,symbol] 


Each symbol in the operand field is declared to be defined in this module. Their name and assigned values are 
included in the output of the assembler as external definition records. The maximum number of operands in an 
ENTRY Directive statement is nine. Continuation is not allowed. 


12.5.5. EXTRN (Externally-Referenced-Symbol-Declaration) Directive 


The assembler must be informed of all symbols referred to in the module being assembled but defined in some other 
module. A reference to such a symbol is called an external reference, and such symbols are declared in the EXTRN 
directive. The format of the EXTRN directive is: 





A OPERATION A OPERAND 











unused symbol [,symbol....,symbol] 


Each symbol! in the operand field is declared to be a symbol defined in some other module. The symbolic name and 
the external symbol identification assigned by the assembler are included as input to the linkage editor as an external 
reference record. Each symbol is assigned a unique ESID and, therefore, cannot be paired with another symbol in an 
expression. 


Examples: 


procram.. MODULE A PROGRAMMER 














A OPERATION A OQPERAND A 
18 
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Coding continued: 




































































prooram MODULE BO PROGRAMMER 
LABEL A OPERATION A OPERAND A 
10 16 
AGFOXM) oti pei te P Lat 
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ptt. pot CTR) DX, JOE, MAT | re ee ee Oe 
In module A, the symbols FOX, JOE, and MAT are specified with the ENTRY directive se that they may be 
used in module B as specified by EXTRN. 
ee” 
In module B, the symbols CAT, DOG, and PIG are specified with the ENTRY directive so that they may be 


used in module A as specified by EXTRN. 


An externally defined symbol may be an absolute value which forms the explicit base/displacement specification of 
an instruction, 


Examples: 


procram_MODULE A Ane PROGRAMMER ____ 





LABEL one OPERAND A 
16 
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procram. MODULE B ——ssss—s—ss 




















Baca PROGRAMMER 
LABEL AOPERATIONA OPERAND A 
10 16 
Out, on Equ . LOC - Ss BLY |. 6 ee ree ae 
Sep EQu, ._ D2 ie oe log hea et eo ge Ga yg de ag eg 
ria tis | [ENTRY OUT, Bi bole a Sb ope oe aie ete eet hf me oe 
In module B, OUT is defined as the absolute displacement of the desired location under the explicit cover 
register C which is also defined in module B. 
The only valid EXTRN symbol references, other than the base/displacement specification, are those used in address 
constants. 
12.6. LISTING CONTROL DIRECTIVES 
One of the outputs of the assembler process is a listing of source and object codes. Assembler directives are available 
to control the format of the listing. Their functions are: 
a to provide headings for each page; 
a to eject or skip to a new page; 
a to space for extra blank lines; and 
ee 


a to provide for printing or nonprinting of the output. 


12.6.1. EJECT (Advance-Listing) Directive 


The EJECT directive causes the assembler to advance to the next page for continued listing. The format of the 
EJECT directive is: 


A OPERATION A OPERAND 





— 
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If the next line of the listing were to cause a page change, the EJECT directive has no effect. 


When the EJECT directive is encountered, the form is skipped to the next page. If a title has been previously 
specified, the title is printed on the new page. 


12.6.2. PRINT (Listing-Content-Control) Directive 


The PRINT directive enables the programmer to control the contents of the assembly listing. The format of the 
PRINT directive is: 











A OPERATIONA OPERAND 





























ON GEN DATA 
id 
ee | OFF | : NOGEN | : NODATA | 
where: 
ON specifies the printed listing. 
OFF specifies that no listing is printed. 
GEN specifies that lines generated by a macro instruction are printed. 


NOGEN _ specifies that lines generated by a proc call are not printed, except that the proc call, any 
PNOTE messages generated, and generated lines that contain error flags are printed. 


DATA specifies that all characters of each constant representation are printed. 
NODATA specifies that only the first eight characters of each constant representation are printed. 


\f a PRINT directive specifies OFF and also other parameters, the other specifications are not effective until a 
PRINT directive is encountered which specifies that the listing facility is to be turned ON. 


In this directive, the comma is not required if a parameter is omitted. The initial print condition of assembly printing 
is ON, GEN, NODATA. This condition remains until the first PRINT directive changes it. PRINT directives may 
change only one or two of the parameters; any unspecified parameters remain in their previous condition. A PRINT 
directive may not appear in a procedure definition. 


Any program statement or instruction that produces an assembly error condition is listed regardless of specified 
PRINT options. 


Examples: 


sesccene na: naan ans sas romana nahin Nt ise amination innmnrieden mane Shanes on Bannan ASA IEEE SA AR detoemesene © one NAA SC SN MRNA AN 


A OFERATION A OPEVAND A 
9 ié 


ee Siac SECS poe as TE Be ee i eno ee To naan ee tenement mena mentees aeuntam arm eNtMertaie ate oat cencnenae Te 


dt df | i? RT NT DAT & 
ee eo P RINT iS N & EN, D ATA. 
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1. Data is printed in full. 
2. All printing is suppressed except lines of coding which produce error conditions. 


3. Full printing is restored with complete printing of data constants. 


12.6.3. SPACE (Space-Listing) Directive 


The SPACE directive causes the assembler to advance the paper in the printer a specified number of lines. The 
operand field contains an unsigned decimal integer which specifies the number of lines the paper is to be advanced. 
If no operand is coded, one line is spaced. If the number specified is greater than the number of lines remaining on 
the page, the SPACE directive has the same effect as an EJECT directive. The SPACE directive does not appear on 
the listing. 


The format of the SPACE directive is: 





A OPERATION A OPERAND 


where: 


i is an unsigned decimal integer. 


Examples: 








OPERAND 





}. | I MO TO ee Pe ae ee 
Zh A A Sieg tel Seeing ocd tT ot ds tae hy ce ped pe, 
1. The printer advances the form six lines before printing the next line. 


2. The printer advances the form 22 lines before printing the next line. 


12.6.4. TITLE (Listing-Title-Declaration) Directive 


The TITLE directive provides data for the heading appearing at the top of each page of the assembler listing. A 
TITLE directive also causes the printer form to be advanced to a new page. The format of the TITLE directive is: 






AOPERATION A OPERAND 


[symbol] 
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where: 
c is up to 100 characters of heading. 
The following conditions apply to characters in the operand field: 
a Any character may be specified, including spaces, within the defining apostrophes. 
a An apostrophe within the operand must be specified as a pair of apostrophes. 
a An ampersand within the operand must be specified as a pair of ampersands. 
a Spaces may be specified freely to separate heading words. 


More than one TITLE directive is permitted in a program. A TITLE directive provides the heading for all pages in 
the listing which succeed it. 


The first TITLE card in the program may have a special symbol in the label field (one to four alphanumeric 
characters in any order) which is used as a program identification on the listing. 


Examples: 





CPERAND 4 COMMENTS Ve 
72 











WEEKLY “PAYROLL “SOURCE AND OBJECT CED LESTING ¢ i". ASSE ralaved 
eaN JANUARY 6TH 1972" , os emeard ae eae ane 
_ PAYROLL SUBSECT IAN -~ JAN....6TH 1972" cre reer i im rear reer ee 


1. The Z in column 72 specifies that the title is continued on the next line. 
2. The second title line indicates a change in the page heading, and the page headings are specified in the 
second title line. 
12.7. INPUT AND OUTPUT CONTROL DIRECTIVES 
The assembler input and output control directives provide the necessary control for sequence checking, formatting, 
punching data, and reproducing data. 
12.7.1. ICTL (Input-Format-Control) Directive 


The ICTL directive specifies new values for the beginning, ending, and continuation coding columns. The format of 
the ICTL directive is: 





OPERAND 






A OPERATION A 






[b] Le] Lc] 
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where: 
ne 
b is an unsigned decimal integer specifying the beginning column. It must be less than 80. 
e is an unsigned decimal integer specifying the ending column. It must be greater than b and less than or 
equal to 80. 
c is an unsigned decimal integer specifying the continuation column. It must be greater than b and less 
then e. 
If b is omitted, it is assumed to be 1. If e is omitted,,it is assumed to be 71. If c is omitted or if e equals 80, 
continuation records are not allowed. 
There can be only one ICTL directive in a source code module and it must immediately precede or follow any 
program-defined procedure definitions. The ICTL directive applies only to those source statements that follow it. All 
procedure definitions are assumed to have normal output format. 
Example: 
A OPERATION A OPESAND A 
LL DERE SS Seen - = A er tec terre ae eres 
7 semazs = sre poss anomie stuuaceees 
: 5 ay oer ee Cth ia x ble i 
rep ye? 
1. Coding is to follow standard format except that it is to start in column 2. 
ee 


12.7.2. ISEQ (Input-Sequence-Control) Directive 


The ISEQ directive specifies to the assembler which columns of the source statement contain the field used for 
checking the sequence of statements. It also controls the initiation and termination of sequence checking. The 
format of the ISEQ directive is: 





A OPERATION A OPERAND 





where: 
I is a decimal integer specifying the leftmost column of the field to be used for the sequence check. 


r is a decimal integer specifying the rightmost column of the field to be used for the sequence check. 
r must be greater than or equal to the specification for lI. 


Columns to be checked should not fall between the beginning and ending input columns specified for the program. 


The sequence check begins with the first source statement after the first {SEQ directive and is terminated by an 
ISEQ directive with a blank or invalid operand field. 


Sequence checking is not performed on statements generated from procedure definitions. 


—— 
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Example: 
— 
LABEL A OPERATION A OPERAND A 
10 16 
[. ili | HSEO eT. 9 See aie esl ee a ee Se 
1. Input record sequence is to be checked using the sequence numbers found in columns 56 through 60. 
12.7.3. PUNCH (Produce-a-Record) Directive 
The PUNCH directive is used to produce specified data in the object code output of the assembled program. The 
format of the PUNCH directive is: 
A OPERATION A OPERAND 
unused 
where: 
C,...Cgq represents a string of up to 80 characters produced as a record in the object code output. — 
Ne The following conditions apply to the characters specified in the operand field: 


a Up to 80 characters including spaces, may be specified within the enclosing apostrophes. 
a An apostrophe within the operand must be specified as a pair of apostrophes. 

a An ampersand within the operand must be specified as a pair of ampersands. 

. Spaces may be used to separate fields. 


a In counting characters for the limit of 80, a pair of ampersands or apostrophes written to express a single 
ampersand or apostrophe counts as one character. 


Although this directive may be included within a procedure definition, it may not occur before or between the 
procedure definitions. It may be written after the procedure definitions, but prior to the first control section of the 


program. PUNCH directives thus written produce records prior to the object module. 


Example: 











LABEL A OPERATION A OPERAND 
10 


16 


PUNCH. 'THLS RECORD APPEARS TIN THE .OumPutt 
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12.7.4. REPRO (Reproduce-Following-Record) Directive 


The REPRO directive is used to reproduce a record in its entirety (columns 1 through 80) during assembly time. The 
format of the REPRO directive is: 






A OPERATION A OPERAND 






unused 


This directive causes the contents of the following record on the coding form to be produced as a record in the 
assembler output. Each REPRO directive produces one record. A maximum of 80 bytes are reproduced. 


A REPRO directive prior to the first control section of the program produces records prior to the first control 
section. 


No substitution for variable symbols occurs in the record thus produced. This directive cannot appear in a macro 
definition. 


12.8. CONDITIONAL ASSEMBLY 


The assembler recognizes certain directives which can exclude lines of coding from the output of the assembly, 
include a set of lines in the output of the assembly more than once, or establish and alter values which may be used 
to determine whether a set of lines shall be included or excluded. 


These directives are known as conditional assembly directives. While they are frequently used within procedure — 
definitions, they can be effectively used at the basic assembly level. 


12.8.1. SET Directive 


The SET directive is used to define or redefine the vatue represented by set symbols. A set symbol is a symbol to 
which a value is assigned during the generation of code corresponding to procedure references and DO directives. It 
can be used as a counter or as a switch to control the generation of code. Unlike an ordinary symbol, the value 
assigned to a set symbol can be altered during the course of an assembly. 


A set symbol can be either local or global. A global set symbol, once declared and given a value by a SET statement, 
remains defined throughout the assembly and retains the same value until that value is changed by another SET 
statement. A local set symbol is defined only within the procedure definition in which it is declared. The value of a 
local set symbol within one procedure definition is not affected by the declaration of either a local or global set 
symbol with the same name in another procedure definition or at the source code level. 


Before a set symbol may be set or referenced, it must first be declared by a GBL or an LCL directive. 


The format of the SET directive is: 





A OPERATION A OPERAND 


7935 Rev. 1 SPERRY UNIVAC Operating System/4 12-23 


UP-NUMBER PAGE REVISION PAGE 


where: 
b is a basic expression (2.5.5). 


The symbol in the label field is assigned the value represented by the basic expression in the operand field. Only a 
basic expression may be used. 


Operand expressions cannot be greater in value than +224—1. Set symbols may represent character strings up to 
eight characters in length; also, symbols originally set to an arithmetic value can be redefined to represent a character 
string of up to eight characters. 


12.8.2. LCL (Local-Symbol-Declaration) Directive 


The LCL directive is used to declare and initialize local set symbols before they are defined or referenced. The 
format of the LCL directive is: 










A OPERATION A OPERAND 





symbol [,symbol.,...,symbol] 


Each symbol! which appears in the operand field is declared to be a local set symbol and is set equal to a null 
character string. 


Although the LCL directive is primarily for use within procedure definitions, it may be used at the basic source code 
level to declare set symbols which may be referenced only at the source code level. 


12.8.3. GBL (Global-Symbol-Declaration) Directive 
The GBL directive is used to declare that a symbol is a global set symbol. 


The format of the GBL directive is: 







A OPERATION A OPERAND 


symbol [,symbol,...,symbol] 


Each symbol which appears in the operand field is declared to be a global set symbol, and is set equal to the null 
character string when declared for the first time. Declaring, as a global set symbol, a symbol which has already been 
defined as a global set symbol does not affect its value. 
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Examples: 


LABEL A GPERATION A OQPERAND A 
16 
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1. Declares the label WALT to be a global set symbol. 


2. Declares the label TED to be a local set symbol. 
3. Defines the value labeled WALT. 

4. Defines the value labeled TED. 

5. Redefines the value labeled WALT. 


6. Redefines the value labeled TED. 
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12.8.4, DO (Start-of-Range) Directive 


The DO directive defines the start of the range of code to be generated repetitively and specifies the number of times 
it is to be generated. The format of the directive is: 







A OPERATION A OPERAND 


[symbol] 


where: 
b is a basic expression (2.5.5). 


The expression in the operand field indicates the number of times the source code statements following the DO 
directive are to be produced in the object code. All lines of coding following the DO directive, until its associated 
ENDO directive is encountered, are generated. The value of the expression in the operand field may be any positive 
value or 0. 


Any valid source code statement may be within the range of a DO directive including other DO directives with their 
corresponding ENDO statements. DO directives may be nested up to 10 levels. 


The symbol in the label field, when specified, is used as a counter for the number of times a set of lines within the 
range of a DO statement have been generated. Its value is 1 the first time through the statements, 2 the second time 
through the statements, and so forth. It may be referenced in the same manner as a set symbol. 


If a DO directive is within the range of another DO directive and the nested DO directive is reentered, its count 
begins at 1 again. The value of the label of the DO directives is available to the statements following the ENDO 
directive even if the operation of the DO directive cycle is interrupted. 


12.8.5. ENDO (End-Range-of-DO) Directive 


The ENDO directive is used to signal the end of the range of a DO statement. The ENDO directive has the following 
form: 






A OPERATION A OPERAND 






unused unused 


For every DO directive there must be an ENDO directive to define the range. 
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Examples: 
LABEL A OPERATION A OPERAND A 
10 DS a te a ee 
1. oe ae iii ek ee oe ee ee 
zi Oe Ai Cone! es Vo ens as L oe oe ee ee | ee ee ee ee 
3. De pi A al Fe a hd 
4. ol al I fee ho ed oe pei gig UE ee ed Nd, 
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10 A AE Me Per oe Oe 
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£5, es aed Ler ae Bre Ee a ee eds 


Lines 4, 5, 6, and 7 following the first DO directive (on line 3) are produced in the output five different 
times. The ENDO directive on line 8 signals the end of the lines of coding to be generated. 


I outs dt ae ae ee Se ed ee 


Lines 12, 13, 14, 24, and the lines produced by the operation of the two DO directives (lines 15 and 18) 
are generated in the output 10 different times. 


Within each of the 10 sets produced by the DO directives on line 11, lines 16 and 17 and the lines 
generated by the operation of the DO directive on line 18 are produced in the output three different 
times. 


Within each of the 30 sets produced by the two DO directives (lines 11 and 15), lines 19, 20, and 21 are 
generated in the output five different times. 


NOTE: — 


The first DO directive produces 20 lines of output coding. The second, third, and fourth DO directives combined 
produce 550 lines of coding. 
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12.8.6. GOTO (Assembly-Branch) Directive 


The GOTO statement is used to direct the assembler to another point in the source code. The form of the GOTO 
directive is as follows: 





A OPERATION A OPERAND 


The symbol in the operand field specifies the LABEL directive at which the assembler should resume p;ocessing the 
source code. The following rules and conditions must be observed when using the GOTO directive: 


5 The symbol! used must be identical to the symbol in the label field of the LABEL directive. 


a A GOTO directive within a section of basic source code may not indicate a destination within a procedure 
definition. 


a A GOTO directive within a procedure definition may not specify a destination within another procedure 
definition and it may not specify a destination within a section of basic source code. 


a A GOTO statement, within the range of a DO directive that specifies a LABEL directive that is not within the 
same range, interrupts the operation of the DO directive and continues source code processing at the LABEL 
statement. 


= A GOTO directive may specify a destination point either forward or backward in the source code. 


a A period is allowed as the first character of the operand. The period wil! not appear on the assembly 
listing. 


a If the symbol in a GOTO statement is not satisfied by a LABEL statement, the assembler falls through to the 
next line of source code. 

12.8.7. LABEL (Assembly-Destination) Directive 

The LABEL directive is used to identify a destination point for the GOTO directive only. 


The format of the LABEL directive is as follows: 





A OPERATION A OPERAND 







unused 


The symbol specified in the label field of the LABEL directive is not defined by the assembler in the usual way; 
instead, the assembler maintains a special list of LABEL directive symbols which are the only valid destination 
points for the GOTO directive. 


The GOTO directive may not specify a label that has not been defined by a LABEL directive. 


A period is allowed as the first character of the label field of a LABEL statement. The period will not appear on the 
assembly listing. 
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Example: 





LABEL A OPERATION A OPERAND A 
10 16 
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The GOTO directive on line 3 provides an unconditional branch to line 8. Lines 9 and 10 and processed by the 
assembler; then line 11 specifies a GOTO to line 4, where lines 5 and 6 are processed by the assembler. Line 7 
specifies a GOTO to fine 14 where the assembler continues processing at line 15. 
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13. Assembler Procedures 


13.1. SPECIAL DIRECTIVES 


The SPERRY UNIVAC Operating System/4 (OS/4) Assembler, by the use of special directives and conditional 
assembly directives (12.8), allows the programmer to specify and generate repetitive sequences of coding. To save 
time and effort required to write a series of instructions repeatedly and to eliminate possible errors in transcription, 
the series can be written once in a procedure definition. A procedure definition (proc) is a series of one or more 
assembler statements beginning with a PROC directive, followed by one or more NAME directives, and ending with 
an END directive. The PROC directive signals the beginning of a procedure definition. The NAME directive declares 
a label by which the procedure definition can be referenced. The END directive signals the end of the procedure 
definition. Each time the instructions are needed, a procedure call line is written. The assembler inserts 0 or more 
lines of coding at the point of reference. 


The procedure definition specifies to the assembler the coding and instructions for a particular operation, and the 
procedure call line specifies the variable parameters. The assembler then combines the coding of the procedure with 
the parameters to produce a specific section of coding. 


13.1.1. PROC (Procedure-Definition) Directive 


The procedure definition is introduced into the source program by the PROC directive. This directive is used to 
signal the beginning of a procedure definition. The format of the procedure definition is: 







A OPERATIONA OPERAND 


[symbol] 






s,n,k,... 
where: 
$ represents the name or symbol in the operand field to be used in referencing parameters. 
n is a decimal, self-defining term that represents the maximum number of positional parameters that are 


found in the proc call line. 
k represents keyword parameters. 


If the label field contains a valid symbol, it represents the label of the proc call line (13.4). 
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The operand field specifies the names to be used when referring to parameters in the source code statement of the 
proc call line. The first subfield (s) must contain a valid symbol if any parameters are to be referenced, and the 
second subfield (n) must contain a number that indicates the maximum number of positional parameters that can be 
specified in the proc call line if any keyword parameters are to be referenced. The remaining subfields specify names 
used in referencing keyword parameters in the body of the procedure coding. 

A method is provided whereby the programmer can preset the value of a keyword. This preset value is automatically 
used if the particular keyword is not specified; however, the preset value can be changed or overridden by specifying 
a new value for that keyword. A predefined keyword appears in the operand field of the PROC directive as follows: 

k=v 
where: 


k represents a symbol or name which is used to identify the parameter. 


v represents the preset vatue. 


13.1.2. NAME (Call-Label) Directive 


The NAME directive specifies a name by which the procedure is referenced. The format of the NAME directive is: 


A OPERATION A OPERAND 





where: 
p is a parameter or a parameter sublist. 


The first NAME directive must immediately follow the PROC directive. More than one NAME directive may be 
coded but all must be at the beginning of the definition. Each such NAME directive specifies a different name for 
the proc. The symbol in the label field is available for reference within procs as well as at the source code level. 


The operand field is used to provide a parameter to the proc. When more than one NAME directive follows the 
PROC directive, only the operand of the NAME directive whose symbol is used to reference the proc is available to 
the body of the definition. 


Reference is made to the parameter or parameter sublist in the operand field by means of paraforms which are 
discussed in 13.3.1.1. 


Multiple NAME directives allow the programmer to specify a different parameter for each NAME directive and to 
select the parameter by calling on that particular NAME directive. The following example lists three NAME 
directives; the proc can be called by any one of them. 
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Examples: 






A GPERATION A OPERAND A 
i6 








LABEL 
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1. MOVE calls in the procedure and provides parameter 25. 


2. MOVE2 calls in the procedure and provides parameter 50. 


3. MOVE 3 calls in the procedure and provides parameter 75. 


13.1.3. END (Proc-Definition-End) Directive 


The END directive is used to signal the end of a proc, as well as the end of the source module. An END directive 
format is: 








A OPERATION A OPERAND 


unused 
The operand field should be blank. The assembler pairs each END directive with the most recently encountered 
PROC directive which is unpaired. 


The statements between paired PROC and END directives are defined as the body of a proc. An END directive that 
cannot be paired signals the end of the module to be assembled. 


13.1.4. PNOTE (Message) Directive 


The PNOTE directive may be used within a proc or at the source code level to generate comments and/or error 
messages on the printer listing. The format of this directive is: 





A OPERATION A OPERAND 
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where: 


e is a message character string. 
c is a comments character string. 


The PNOTE directive indicates to the assembler that a comment line is to be generated in the output listing. The 
first subfield of the operand must contain either an asterisk or a character expression of not more than six 
characters. The second subfield may contain a character expression of not more than 79 resultant characters. When 
the first subfield contains a character expression, the resultant characters appear on the listing as error flags and the 
resultant characters of the second expression are printed as a comment line. If the first subfield contains an asterisk, 
an asterisk is printed in the error flag field and the resultant characters of the second expression are printed as a 
comment line. . 


Any characters generated in the error flag field are treated as diagnostic errors. Message and error flags appear in the 
listing even when the NOGEN option of the PRINT directive is in effect. , 


13.2. CODING PARAMETERS 


In order to activate a proc, certain information must be given to it at the time it is referenced. Each item of 
information is called a parameter and coded in a subfield on the line which calls a proc. A string of subfields 
separated by commas is called a field and is the operand field for a proc reference. 


13.2.1. Types of Parameters 


There are two types of parameters: positional and keyword. The distinction between the two is in the way they are — 


identified. Positional parameters are identified by their position within the operand field of the call line. Keyword 
parameters are identified by the symbols which are assigned to them in the call line. 


13.2.1.1. Positional Parameters 
Positional parameters must be specified before the keyword parameters in any call line. The order of the expressions 
in the operand determines the order of the parameters specified. Positional parameter specifications are separated by 
commas. When a nontrailing positional parameter specification is omitted, the comma must be retained to indicate 
the omission. Thus if a proc call line has four positional parameters 

Vi N2NgNy 
and the second one is not specified, the operand would appear: 

V4 N34 
If the third and fourth parameters are not specified, the operand is written: 

V4.2 
If only the last parameter is specified, the operand is written: 

aNa 


Thus, preceding or intervening missing parameters must be indicated by a comma. Trailing parameters which are 
missing need not be indicated. 
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13.2.1.2. Keyword Parameters 


Keyword parameters must follow the positional parameters, when both are used, on the call line. Keyword 
parameters need not appear in any specific order. Each keyword is equated to a symbol, value, or character string. 
Keywords are coded on the call line as follows: 
k,=V1,k5=V5,..K,=Vy 
where: 
k represents a symbol or name which is used to identify the parameter and 
v represents the parameter value. 
Keyword parameter specifications must be separated by commas and can appear in any order. Because a keyword 
parameter is identified by name and not by position, a comma must not be used to indicate a missing keyword 
parameter. A comma must separate the last positional parameter from the first keyword parameter when a 
combination of both is used. 
If a PROC directive specifies three keyword parameters in the operand field 
k,.k2,k3 
and if the call line specifies only two of the three with the second keyword parameter missing, the format is: 
k, =v, ,.k3=V3 or k,=v3,k, =v, 
or if the call line specifies only one of the parameters, the format is: 
k3=V3 
If the value of the missing keyword parameters has been preset in the PROC directive, then the preset values will be 
used in the called procedure. If values have not heen preset, then the missing keyword parameters are set to a null 
character string. 
13.2.1.3. Combined Positional and Keyword Parameters 
Both positional and keyword parameters can be specified in the proc call line. The following rules apply to the proc 
call line: 
. In all cases all parameters are separated by commas. 
a Positional parameters can be specified without keyword parameters, or keyword parameters can be specified 
without positional parameters, or a combination of both can be used. 
a Preceding or intervening positional parameters which are missing must be indicated by a comma; trailing 
positional parameters which are missing need not be indicated. 
a Omitted keyword parameters do not need a comma to indicate the omission. 
s Keyword parameters can be specified in any order. 
— a An omitted keyword parameter that has been assigned a preset value receives the preset value in the procedure 
coding. 


a An omitted keyword parameter without a preset value receives a value of a null character string. 
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13.2.2. Parameter Sublists 


Each subfield in the proc call line can contain more than one parameter. Multiple parameters in either positional or 
keyword subfields are called parameter sublists. Each of the parameters in a parameter sublist is separated by 
commas, and the whole parameter sublist is enclosed by parentheses. A proc call line operand having a positional 
parameter sublist in the second subfield appears as follows: 





A OPERATION A OPERAND 











proc-name 






VaAVe 12 og 


where each v represents a parameter. A keyword parameter sublist has the format: 







A OPERATION A OPERAND 


proc-name 






where: 
k represents the symbol or name used to identify the keyword parameter sublist and 


Vv represent the parameters within the parameter sublist. 


Vn “n2 mr nym 


13.3. REFERENCING AND REPLACING PARAMETERS AND SET SYMBOLS 


A coordinate system is provided by the assembler for references to parameters coded on a proc Call line. !n addition, 
keyword parameters may be referenced by the keyword symbol alone. Parameter references may be coded in any 
statement within the proc. When the proc is referenced (called), the assembler replaces all parameter references with 
the information coded in the designated subfield of the proc call line. 


In this section, the referencing and replacing of set symbols is compared to the referencing and replacing of 
Parameters in order to show the similarities and differences. The basic term paraform is a parameter reference form. 
Thus, a paraform is a reference to the parameter or parameter sublist in the operand field of the NAME directive, or 
a reference to the parameters on the PROC call line. 


13.3.1. Reference Formats 


References to parameters and set symbol! values are usually made by coding the paraform or the set symbol at the 
place where replacement is desired. However, delimiters must be coded in certain cases to separate the reference 
from the remainder of the statement. 


Where replacement is desired in proc call line operand fields, in NAME directive operand fields, or within paired 
apostrophes, the reference must be preceded by a single ampersand. 


a Any data constant specification 
2 Character self-defining terms 

a Hexadecimal self-defining terms 
os Binary self-defining terms 


a Character-strings or substrings 












7935 Rev. 1 14 


UP-NUMBBR 





SPERRY UNIVAC Operating System/4 





PAGE REVISION 





A paraform or set symbol may be concatenated with other characters within the apostrophes. If the paraform or set 
symbol is followed by an alphanumeric character, a period, or a left parenthesis, a period (designating 
le concatenation) must be coded after the reference. 


When a period follows a set symbol or paraform, the period is discarded when replacement occurs. For example, if 
the set symbo! ABC has the character value ‘5’ the term 


C’&ABC..7' 
after replacement would yield 
C’5.7' 


A set symbol or paraform may also be concatenated with other characters, set symbols, or paraforms to form a 
single term outside of paired apostrophes. The reference may be coded exactly as it would have been to concatenate 
with the same preceding and following characters within paired apostrophes. However, the leading ampersand is 
required only if the character preceding the reference is alphanumeric. In this case a period could be used instead of 
the ampersand with the same results. However, it is strongly recommended that the leading ampersand always be 
written. 


13.3.1.1. Paraforms 


Two types of paraforms are used within the body of a procedure to reference the parameters on the proc call line: 
positional and keyword. 


Positional paraforms may be used to reference any parameter on the call line. The format of a paraform is: 
s(n) 
where: 


$s represents the name or symbol in the first subfield of the PROC directive operand field. This is the name 
used to reference parameters. 


n represents the numeric order of the positional parameters in the call line and/or the position of the 
keyword parameters in the operand of the PROC directive. 


The parameters are identified by the numbers assigned to the subfield they occupy. Subfield s(0) is defined as the 
operand of the line on which the procedure name is specified. Subfields s(1) through s(n) are defined as the n 
Positional parameters coded on the proc call line. The maximum number (n) of positional parameters to be expected 
for any procedure is coded in the second subfield of the PROC directive operand field. The next subfields, s(n+1) 
through s(n+m), correspond to the keywords shown in the operand field of the PROC directive. 


Keyword paraforms may be used to reference keyword parameters only. A keyword parameter reference consists of 
the keyword itself coded in the statements where replacement is desired. No subfield is needed because the parameter 
value is identified by the keyword on the proc call line. 
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Example: 








LABEL A GPERATION oe OPERAND A 
19 








NAME, 24 


The preceding example specifies six variable parameters and one fixed parameter. The fixed parameter is 
defined when the procedure is written (in this case 24), and the six variables are defined &BOB(1), &BOB(2), 
&BOB(3), &KEY1, &KEY2, and &KEY3. The parameters represented by &KEY1, &KEY2, and &KEY3 could 
also be referenced by paraforms &BOB(4), &BOB(5), and &BOB(6), respectively. 


These seven parameters can be referred to as paraforms and are referenced by: 


&BOB(0) represents the fixed value on the NAME line. 
&BOB(1) represents the first positional parameter. 
&BOB(2) represents the second positional parameter. 
&BOB(3) represents the third positional parameter. 
&BOB(4) represents the first keyword parameter. 
&BOB(5) represents the second keyword parameter. 
&BOB (6) represents the third keyword parameter. 








A OPERATION A OPERAND 


TRANSFER 





4,,2, KEY 3=7,KEY2=10 


The preceding procedure call line allows replacement of the paraforms with these values: 


&BOB(0) is 24. 

&BOB(1) is 4, the first positional parameter: 
&BOB(2) is a null character string. 

&BOB(3) is 2, the third positional parameter. 
&BOB(4) is a null character string. 

&BOB(5) is 10, for the second keyword parameter. 
&BOB(6) is 7, for the third keyword parameter. 






13-9 


PAGE 


7935 Rev. 1 


UP-NUMBER 






SPERRY UNIVAC Operating System/4 











PAGE REVISION 






Missing parameters are equated to a null character string. 4. procedure can have more than one name assigned by the 
NAME directives and each name can have a different value in the operand field. The different values can be selected 
by specifying the appropriate name in the call line. 


If a subfield contains a parameter sublist, a different numbering system is necessary to reference its contents. A 
matrix notation system is used where the first number indicates the subfield and the second indicates the parameter 
within the subfield. A paraform referencing a parameter within a parameter sublist would have the form: 

s(n,i) 
where: 

s represents the name or symbol used for referencing the parameters. 

n represents the subfield number. 

i represents the parameter number within the subfield. 
tn the previous example, if the operand field of the NAME directive had been 

(24,17) 
then: 


&BOB(0,1) would be replaced by 24. 
&BOB(0,2) would be replaced by 17. 


Ne When a parameter sublist is coded in a subfield and the subfield only is addressed, the paraform is replaced by all the 


characters in the sublist including the surrounding parentheses. Thus in the previous example where the NAME 
directive of the operand contained a sublist, the reference &BOB(0) would be replaced by: 


(24,17) 
If the operand had contained a sublist of three factors 
(32,,12) 
then: 
&BOB(0) would be replaced by (32,,12) 
Keyword paraforms may be used to reference parameters in a keyword parameter sublist in the format: 
k(i) 
where: 
k represents the keyword symbol. 


i represents the parameter number within the subfield. 





7935 Rev. 1 SPERRY UNIVAC Operating System/4 eres 


UP-NUMBER PAGE REVISION PAGE 


Thus, if the following proc call line were coded 







A OPERATION A OPERAND 


KEY 1=(14,56) 


then: 
&KEY1 would be replaced by (14,56). 
&KEY1(1) would be replaced by 14. 
&KEY1(2) would be replaced by 56. 
13.3.1.2. Set Symbols 


The expressions and values which set symbols represent may be referenced in the assembly module anywhere they 
are defined. The set symbol itself:is coded where the value is desired. The assembler replaces the symbol as explained 
in 13.3.2.2. 


Although it is seldom necessary to precede set symbol references by an ampersand, it should be done to differentiate 
the set symbol from the other characters. 


13.3.2. Replacement 


References to parameters and set symbol values cause information to replace those references in the source code 
line. The format of the references and the rules for where references may occur are similar to those for keywords, set 
symbols, and paraforms. However, parameters are not replaced by the same method as set symbols. 


Replacement is subject to the following limitations: 


a Parameter and set symbol replacements may not be used to construct other parameter or set symbol 
references. 


a Character substrings and the concatenation of character strings may not be used to construct parameter or set 
symbol references. 


a Parameter and set symbol! replacements and character manipulation may not be used to construct the 
following directive mnemonics: 


SET, DO, ENDO, PROC, NAME, END, ISEQ, ICTL : 


. Assembler directive and operation code mnemonics should not be used as set symbols, keyword names, PROC 
directive labels, or DD statement labels. 


a Parameter and set symbol! replacement may not be used to construct the type subfield or the character L in 
DC, DS, or literal operand fields. 


13.3.2.1. Parameter Replacement 


Parameters which appear in the operand field of a proc call line or a NAME directive are not evaluated. Parameter 
references and set symbol references that appear on a proc call line are replaced but are not analyzed. Information 
coded as a parameter is treated as a collection of one or more characters delimited by commas. 









13-11 


PAGE 






7935 Rev. 1 


UP-NUMBER 


SPERRY UNIVAC Operating System/4 











PAGE REVISION 





In any statement other than proc call lines, after the set symbol values have been referenced and all the paraforms 
and keywords have been replaced by the characters from the appropriate parameter subfields, the newly constructed 



















source code line is scanned for conversion and evaluation. This allows the programmer to submit parameter 
combinations of characters which could not otherwise be used. 
Example: 
Given the following proc call line 
A OPERATIONA OPERAND A 
Le Nae eT Re ely Pe EO OE ee eRe eT NT MNT 
: a cma E A. pX y! LBt. 34 | yee ee Ge Sr a ee 
fi Ree ae ee (es i ee ch ietidel ee dae te oe 
the following line coded within the proc 
fe he ee ee ee ce Eo Die (eee tee Poke CO (ee er aes GR OE EG eel Yo 
c.! ; 
ti. C'&P. Ci 3, Si ea at SS eh pe a yy ge 
oer. Fs RE We eC ede es oe ie tae as et Cree EAL ce Sere BOO Eee EO 
would effectively produce the following line 
be oa fe bale ete de ee pe ee pga fs Pat fel edhe de oh pe lig 
1 : : ‘ : 
. C18h34!. nee hue Ee i ee ed ca dhe is 
ort eel Te Serna alates Fe Ce bee Pr a nD Oates SR ry Ce cs es Cae eet Se ey ee 





and no error flags would occur. If the characters 1B had occurred anywhere else in the module as a term (e.g., 
2+1B+34), they would have caused an expression error to be generated. 


13.3.2.2. Set Symbol Replacement - 


Set symbol replacement differs from parameter replacement. The expression or character string which the set 
symbol! represents has already been evaluated. The expression in the operand field of a set directive has been 
converted into a binary value. When the set symbol value is referenced, it is converted to a string of decimal digits 
which represents that value. These decimal characters then replace the set symbol reference as part of the newly 
constructed source code line. When the set symbol represents a character string, no conversion is necessary; thus 
characters of the character string replace the set symbol reference. 


After all set symbol value and parameter references have been replaced, the new source code line is converted and 
fully evaluated. 
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Example: 


Given the following SET directive statements: 


LABEL A OPERATION A OPERAND A 
16 


1 10 

\ U . 
BALEAL. |. ET | FF, ei De a eg 
r = 2 Oe oe P BOB... L ee ees eet opiate odin abs ate eet Ny, 


and a reference to those symbols 







ALF Ait1, fEEES EARS PONE OA CARE es (eT FO Ca ened Ls Oe? WT PSA EO en Oe lO 
Me gee ee pk deste sy eee te Pe ef 




















The value that symbol! BETA represents is 256, and if BOB represents the value 17, then Y would represent 
the value 44. 


13.3.2.3. Null Character-String Replacement 


When. a parameter is referenced but is not present on the proc call line or when a set symbol is referenced after it has 
been declared but before it has been defined, the reference is treated as a null character string. A null character string 
is a convenient representation of a void. Null character strings generated from references to undefined set symbols or 
parameters delete the original reference. 


Given the following proc call 


LABEL A OPERATION A OPERAND A 
10 16 
ere oe em ee | lprce, | | i 1:20.94, Gately bp eh a 














3 


EQU. . 1. 4347TDM debe ee 
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would appear and be processed as follows: 


LABEL AOPERATIONA OPERAND A 
1 10 16 
BOB7, i |EQU a wu 4Y3+TOM Lt eae 7 ieee) eres CR | “lL ee ees | ro eee ieee! Rees Pel owes Cane Us | oe 











The null character string may also be coded in certain places in the source statements. As coded, a null character 
string consists of two successive apostrophes which are not inside any other paired apostrophes. It should only be 
coded as a separate term in arithmetic expressions. Uniess it is an argument of a relational operation, a null character 
string is treated as 0. 


In a relational operation, the nul! character string can be used effectively to test for the presence or the absence of 
parameters. Thus, given the preceding proc call line, the following expression would have a value of 1; 


aot baa | pb 
joa 
baie ba fo 


and these expressions would have a value of 0: 


ve Dt jas O=P.C.2i), . spe apd bpm ge pa fe gt grape fw fea pe ff ge a pe 
tiri tri =' OP63).1 . Vee a eo ee Pe 
o_o tut 





ari et ee i Pl ee OE eg el ah yap Py 


Praia BPCA ted ht dr fie ihc Ts 
yet ep gtk pe a ye pe a pg 































ee pe ae ee el ee ei ge cg 








In a relational operation in which one operand is a paraform or set symbcl that may be replaced by the null 
character string, it should be coded as the second operand. 


13.4. CALL LINE LABELS 


The label of a proc call line is represented by a dummy label which is specified in the PROC directive statement label 
field. The dummy label is coded within the proc wherever the call line label is to be generated. When the proc is 
called, the call line label replaces the dummy label wherever it is coded. If there is no label on the call line, the 
dummy label is replaced by a null character string. The dummy label may be coded in the label operation code, 
and/or operand field of any instruction, directive, or proc call statement (except special directives) within the proc. 
It is used like a set symbol (13.3). 


13.5. NAME LEVELS AND PROC NESTING 


A Proc reference may appear within a proc definition; this is considered a second level reference. A maximum of 
three levels of proc references may be generated within an assembly module. At the source code level and at each of 
the three proc levels, set symbol definitions may be declared to be available for reference anywhere in the module. 
Set symbols declared this way (by means of the GBL directive) are globally defined. When a set symbol is declared 
to be locally defined (by means of the LCL directive), its definition may only be referenced at the level where it is 
declared. A set symbol locally declared at the source code level is not available for reference within procs and one 
which is locally declared at some proc level can only be referenced within that proc. Locally declared set symbols 
may be used within procs or at the source code level without fear of conflicting with set symbols defined locally at 
some other level or globally throughout the module. 
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Keyword symbols, the dummy label, and the symbol used to reference positional parameters are treated in the same 
way as locally declared set symbols. They cannot be referenced outside of the proc in which they are declared. When 
the proc is completely processed, all the locally declared symbols and their values are discarded. 


13.6. METHOD OF WRITING AND REFERENCING PROCS 
Although the following examples are limited to procedures within a given program, the system library also contains 
procs. A call on a library procedure causes that proc to be brought into memory. The assembler then substitutes the 


input information given in the operand field of the call line and produces the required object lines. 


The generation of code from a given procedure is done only at assembly time when a proc call is encountered. The 
coding thus generated is an integral part of the object program. 


Program-defined procs must precede all other statements in the source code module. 
Examples: 


The following examples illustrate all of the pertinent points and rules necessary in writing and generating 
procedures. 


In a given program it is found necessary to compare two numbers frequently and to load the smaller of the 
two numbers into a register. The symbolic labels assigned the storage positions to be compared are BOB and 
JOE, respectively. Because the same load and comparison must be done several times, a proc to generate the 
proper code can be written. Such a proc might look like this: 



































LABEL A OPERATION A OPERAND A 
16 
1. Prec. || ie) fea er elo ee pe ee 
2. 0, ne a | ul nee eee © dod i eete elie Gee eae es feet te 4 | Eure & af oes tems Eaten | boo 
3 ‘<M = 12.1 > EA Se OE OT Wr Re Sr a GV 
4. 6,0 0Ei 71S EVN TS CO WO Pe CE as OT a a 
5. +8, | SE 
6, Romie ia Joa. Bat) OE: hick Sg opts a ep ctte Pa deh a ge Dh 
7. ND, : Pepe Piet ie bp a hae ie ed 
1. Initiates a proc. 


2. Names the proc. 

3. talk the contents of BOB into register 6. 
4. Compares contents of JOE to register 6. 

5. Branches out if BOB is smaller. 

6. If JOE is smaller, loads JOE into register 6. 


7. Ends the proc. 
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Register 6 has been designated to contain the smaller number. When the following proc call line is encountered 
in the source code 


LABEL A OPERATIONA OPERAND A 
1 10 16 


oe a a hd Oe Pe re a ee ee ee ee 





lines 3 through 6 within the proc are generated and inserted at the point where the proc call, SMALL, is 
encountered. 


In order to compare two numbers not located in BOB and JOE, and to store the smaller number in a register other 
than register 6, the following proc could be coded to allow parameters. 






| &PC1): ,&PC3). 
Li. Cee eeC en ens ee nen Leena rn ty 
TG io OI BPC cial ck 
baceea 


SOS 
it~ a 





H 
L 
7 
7 
i 
i 


NHAAR WN = 


he acca es ee cor 
} i 
rhceemniemnetnnipeunmaraipnatniteiesinenerlpammentitee wmaninnte 
i ‘ 
: 


fo 
‘ 
4 





} : i 
hiss iRein Rania, A gat Sst shakes fsa Se Eee ee 


1. Initiates a proc with parameters. 
2. Names the proc. 


3. Uses paraforms to reference parameters. The &DL in the label field causes the symbol in the label field 
of the call to be defined as the label of this instruction. 


4. Uses paraforms to reference parameters. 

5. Branches out if &P(2) is smaller than &P(3). 

6. If &P(3) is smaller than or equal to &P(2), load &P(3) into &P(1). 
7. Ends the proc. 


The &P,3 on line 1 specifies that there are three positional parameters in the body of the procedure; these 
parameters are referenced on lines 3, 4, and 6. Note that a parameter can be used many times. 
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A calling statement to generate the same object code as in the previous example would contain these expressions in 
the call line: 
eee 





sae Se ae we oe ee ae ae ce eee an i ae ne Oa 























bee tee ee ae ie Pe el ie ea, 
iD EMP, C0 NIT oh ee Pd ht A cs ed 


ogee By lee ee ee ee pe ea fy |e 

























where TEMP and CONT represent the addresses of two other numbers, and the 3 represents register 3. 


To provide a more general procedure to handle two numbers anywhere in storage, using any register and also 
comparing for either a smaller or larger factor and storing that factor in the register, a proc could be written as 
follows: 


L&DL 
2SMALL 
ABD 


Ae Seca d 





Seo 


= 
> 
= 
m 


Te 0) yBPC2) | ve Caeaneenenat: 


eR 
a) 
oN ft 
0; 
~~" 
Ne 








7. | : 
8. Lecasch paaebiaa dine ool ee ; TND es lt 
40.0 a a8 fll ped el at hl dhe tl 
Wai tue! ne La 
Wo te tt BRC, 2 JAP 3) rae ae 
} i 

J ssid, oat mens wees ee i ID, noel i fee ee ae mciilt asl aatecudltsh boettlindhistd watthind Upuadi ag daandaactll Seog a eed 

1. Initiates a proc with parameters. 

2. | Names the proc for smaller comparison. 


3. Names the proc for larger comparison. 
4. Uses paraforms to reference parameters. 


5. Uses paraforms to reference parameters. 
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6. Does the following two lines of coding if &P([) equals 1 (this makes comparison for the larger of two 
factors). 


7. Branches out if &P(2) is larger. 
8. Branches to label defined as TND. 
9. Terminates DO statements. 
10. Branches out if &P(2) is smaller. 
11. Defines TND as a GOTO label. 
12. Uses paraforms to reference parameters. 
13. Ends the proc. 
A call line using the proc name SMALL generates the same object coding as in the previous examples, because the 


expression in the operand field &(P(0)) of the DO line is 0; therefore lines 7 and 8 are not evaluated. If the following 
call line is used 







A GPERATION A OPERAND A 
10 16 





BA, eds 19: 8.0.8) HOE. Pe ee ee Se ee Ge ae Oe ee ee ee 


then the DO line expression is equal to 1, lines 7 and 8 are evaluated, line 10 is skipped, and the following object 
statements are generated. 






ae i ene 65 BOB... 15 Ae a So ey 
6, JOE ded al a a ee 











ak TOR ee ne OR WT eS ae eT 


SOE bo a a ye eg hs dg 























A simpler procedure to accomplish the same result can be coded: 


LEDL PROC BPL3 | ep inishiley 
2SMALL NAME OL 

3LARGE NAME H. 

t&DL. Li BPC), BP (2) sod errr cee Fo 
@ “BaP(0) OB | 
7 ee © oa BPC) aaces 
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Initiates proc with three parameters. 
Names the proc for smaller (low) comparison. 
Names the proc for larger (high) comparison. 


Uses parameter reference forms for the register (&P(1), displacement (&P(2,1)), index register (&P(2,2)), 
and base register (&P(2,3)). 


Same as line 4 except uses parameter 3 instead of 2. 
Branches out. &P(0) varies either L or H depending on the call line. 
Same as line 5. 


Ends the proc. 


The character L or H on lines 2 or 3 replaces the parameter &P(0) in the source code line on line 6. Line 6 is then 
evaluated as either: 














The explicit form of base displacement addressing with the ability to specify index registers for the generated 
instruction can be provided by the following: 


1BDL PROC §«&P,3 
SMALL NAME, L 





NAME | A. 
a. BPC), &P(2,1),&P(2,2) &P (2,3). 
! BPC). APA) '&P(3,2) &P(3, BQ 
“bar(o) *%+8 
a hue. &P (3, 1) APCS, 2), BP (3, 3)).. 
END 
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If the proc call line is specified as follows: 


LABEL A OPERATION A OPERAND A 
10 16 





ooo tin | WARGE | O9( 5:0i, Mi, 151). 5:C7510. py DSi an ee ens ae Oe 


the following object coding would be generated: 








Sete " bot ie ae gine hg ee et 

















2 ee eee ft ie tee a ash dlias 
sat | 








The generated coding on line 1 specifies loading into register 6 the contents of a location whose address is 
determined by adding the displacement 50 to the contents of index register 4 and then adding the contents of base 
register 15. Lines 2 and 4 are handled similarly by using the displacement of 150 plus the contents of index register 
5 plus the contents of base register 15. 


If one of the numbers is already in the correct register, then the first load instruction need not be generated. By 
omitting the second parameter on the call! line when the number is in the register, the proc can test that subfield to 
determine when to generate the first load instruction. 





| a | YRC 3,1 ) ¢ aP(3 2 Dy dhe 
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4. Declares a local set symbol for use in inserting the label of the proc call in the first generated line. 
5. Sets the local set symbol to the character string in the label of the proc call line. 
6. Generates the load instruction only if the call to this proc has a non-null second operand. 
7. The load instruction, if generated, always has the label of the proc call. 
8. Sets the local set symbol to a null character string so that line 8 will be unlabeled if tine 7 is generated. 
10. Defines the label on the proc call line only if line 7 is not generated. 
If the call line for the preceding is: 


LABEL AOPERATIONA OPERAND A 
1 10 16 


i 
Ror cea, Sed er eae er eee ee CO 


WXYZ ot oie el oe if. Cis E, SL cere? eens Ye tol ae eee fed | eal ER ee Ae Gan! eee oe oa 


ie ies Oe es ee Ne a (er ee es ernie Suto Se a pd 





then the object code of the following statements would be generated: 
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2a oheseh ive el A ae he ge de a tT he te th a! 
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13.7. VARIABLE SYMBOLS 


A variable symbol may be used as any of the following: 

s a symbolic parameter 

a a set symbol 

a the label of a DO directive 

s the label of a PROC directive 

a a system variable symbol 

A variable symbol consists of from two through nine characters, the first of which is an ampersand (&), the second a 
letter or special letter, and each of the remaining characters a letter, special letter, or digit. A symbolic parameter 
represents the label or the macro instruction or one of the operands of the macro instruction by which the macro 


definition is called. SET symbols and the DO directive are described in 12.8 and 12.8.4, respectively. System variable 
symbols are described in 13.7.2. 


13.7.1. Use of Variable Symbols 


SET symbols are replaced whenever found, including operation fields and label fields, except for SET statements. 
Therefore, assembler directives and mnemonic operation codes are not permitted to be used as: 


. SET symbols (LCL or GBL) 
a keyword parameters 
a labels of PROC directives 


a labels of DO statements 


13.7.1.1. Concatenation of Variable Symbols 


A variable symbol may appear in a statement concatenated with other variable symbols or other characters. If a 
variable symbol is to be immediately followed by a letter, digit, left parenthesis, or period, a period must be written 
after the variable symbol to distinguish the variable symbol from the characters following it. The variable symbol 
and the period following it are replaced by the characters representing the value of the variable symbol. The period 
does not appear in the resultant statement. 
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13.7.2. System Variable Symbols 


System variable symbols are assigned values automatically by the assembler. Two of these symbols, &SYSNDX and 
&SYSECT, can appear only in the label, operation, or operand fields of statements in proc definitions. Two other 
system variable symbols, &SYSDATE and &SYSTIME, can appear in proc definitions or in source modules. 


13.7.2.1. &SYSNDX 


The system variable symbol &SYSNDX is used to prevent the occurrence of doubly-defined labels; that is, 
&SYSNDX can be combined with other characters to create unique names for statements generated within the same 
proc definition. 


Initially, &SYSNDX is assigned 4-digit number 0001 to correspond to the first proc definition processed by the 
assembler. For each subsequent proc definition, symbol &SYSNDxX< is incremented by 1 so that it effectively keeps a 
running count of all procs being processed. Thus, if &SYSNDX is used in a proc definition, the value substituted for 
it will correspond to the current proc definition being processed. 


Throughout one use of a proc definition, the value of &SYSNDX remains constant, independent of any nested procs 
within that definition. 


The following coding example illustrates the use of the &SYSNDX symbol. The assumption is that the program is 
calling the same proc twice, and that the proc itself (called MAIN) contains a nested proc (called NEST). 
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_. | BNDXNUM .. ). _ ) Generated Code 
eae eee o Generated Code | From MAIN proc 
6 2 wp. from Nest pree | (second call) 
AB. \ (second call 
AOCCOH .. . 4 








1. Start of nested proc definition. 

2. Start of main proc definition. 

3. &SYSNDxX« is initially assigned the value 0001. 

4, Call line for nested proc. 

5. Start of main program (showing all generated coding). 
6. Call line for main proc (first time). 


7. &SYSNDX = 0001, &NDXNUM set to 1 (leading 0’s dropped). 
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8. Call line for nested proc (first time). 

9. &SYSNDX = 0002. 

10. &NDXNUM = 1 (from main proc). 

11. &SYSNDX = 0002. 

12. &SYSNDX = 0001, within first call to MAIN. 
13. Call line for main proc (second time). 

14. &SYSNDX = 0003, &NDXNUM set to 3 (leading 0’s dropped). 
15. Call line for nested proc (second time). 

16. &SYSNDX = 0004. 

17. &NDXNUM = 3 (from main proc). 

18. &SYSNDX = 0004. 


19. &SYSNDX = 0003. 


13.7.2.2. &SYSECT 


The system variable symbol &SYSECT is used to represent the name of a control section in which a proc call 
appears; that is, for each proc call processed by the assembler, &SYSECT is assigned a value that corresponds to the 
name of the control section in which the proc call appears. 


Control section statements (CSECT or DSECT) processed in a proc definition affect the value for &SYSECT for any 
subsequent nested procs in that definition. However, throughout the use of a proc definition, the value of &SYSECT 
may be considered a constant, independent of any CSECT or DSECT statements or nested procs. The name assigned 
to &SYSECT will always be that of the last CSECT, DSECT, or START statement, regardless of whether that 
statement is correct. 


The following coding example illustrates the use of the &SYSECT symbol. Here, the program is calling two procs 
(called MAINA and MAINB) in succession, the first of which (MAINA) involves calling the same nested proc twice in 
succession. : 
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1. Start of nested proc definition. 

2. Start of main proc A definition. 

3. Call line for nested proc NESTA. 

4. Call tine for nested proc NESTB. 

5. Returns to the CSECT under which code was being generated when MAINA was called. 
6. Start of main proc B definition. 

7. Start of main program (showing all generated coding). 

8. Call line for main proc A. 

9. Call line for nested proc NESTA. 

10. &SYSECT = CSMAINA. 

11. Call line for nested proc NESTB. 

12. &SYSECT = NESTA. 

13. Return to main proc A (&SYSECT = MAINPROG). 

14, Returns to the CSECT under which code was being generated when MAINA was called. 
15. : Call line for main proc B. 


16. &SYSECT = NESTB. 


13.7.2.3. &SYSDATE 


The system variable symbol &SYSDATE provides the date of the assembly. The format of &SYSDATE is the 
character string mm/dd/yy representing month, day, and year. The value of &SYSDATE is constant during the 
assembly. 


13.7.2.4. &SYSTIME 


The system variable symbol &SYSTIME provides the time of the assembly. The format of &SYSTIME is the 
character string hh:mm representing hours and minutes. The value of &SYSTIME is constant during the assembly. 
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14. Error Messages 


14.1. MESSAGE TYPES AND FORMAT 

Fatal, diagnostic, and academic are the three levels of error messages provided by the assembler. Each error message 
(flag) is a single alphabetic character. The assembler analyzes each source code statement (except after a fatal error) 
as it processes the statement. When an error is found, the appropriate flag is printed on the same line as the source 
code statement containing the error on the program listing to the left of the relative storage address. 


14.2. FATAL ERRORS 


Fatal error flags signify that the processing of any remaining source code statements would produce meaningless 
results. The assembler produces a partial listing of the program but all statements are not completely analyzed. 


The fatal errors are: 
a ESID Overflow — B 


a Storage Overflow — F 


14.3. DIAGNOSTIC ERRORS 

Diagnostic error flags signify incorrectly specified source code statements. These errors are not serious enough to 
prevent the normal processing and the generation of binary output; however, they prohibit execution of the 
program. The appropriate flags are printed on the program listing on the same line as the statements containing 
errors. 


The diagnostic errors are: 


a Expression Not Relocatable — A 
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" Covering Error — C 

a Duplication Error — D 

= Expression Error — E 

a Statement Too Large — G 
a Boundary Alignment — H 
| Operation Code Error — | 
Ls! Syspool Overflow — K 

2 Location Counter — L 

a Undefined Symbol — U 

a Internal Assembler Failure — V 
a Continuation Error — X 


a Too Many Nested DO or PROC Directives — Z 


14.4. ACADEMIC MESSAGES 

Academic message flags signify that certain actions have been taken by the assembler. These actions can be caused 
by erroneous coding or by the programmer who wishes to obtain a specific result. Academic messages do not 
prohibit or have any effect on the output of an assembly, and these occurrences are not considered serious in nature. 
a Conditional Assembly Error — M 

a Name Field Error — N 

a Relocation Information Dropped — R 

o Statement Out of Sequence —$ 


s Truncation — T 


a Symbol to a Character String — W 
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Table 14—1 is a summary of all error messages, the type of error, and the meaning of each message. 


Diagnostic 


Diagnostic 





aan 


Table 14—1. Error Message Summary (Part 1 of 3) 


a 


Expression not relocatable — An 
absolute expression is provided 
where a relocatable expression is 
required. 


External symbol identification 
(ESID) overflow — More than 254 
external symbol identifications 
exclusive of COM are specified. 


Covering error — No valid base 
register can be found to cover 
or reach the effective storage 
address and still have a displace- 
ment value from 0 to 4095, 


Duplication error — A label is 
defined more than once. Set 
symbols can be redefined without 
producing a flag. 


Expression error — The operand 
field for an instruction or a 
directive has an incorrect 
format. 


There is no more space available 
to the assembler for expanding 
tables during macro generation, 
This does not apply io literals, 
location counter derived symbols, 
and symbols defined by the EQU 
directive. 


Statement too farge — The number of 
characters included in the 

statement exceeds the size 

of the buffer from which 

the statement is processed. 


Boundary alignment error — Refer to 
the // PARAM LST=(4) statement in 


E.2.3. The operand addresses of RX, SI, 


and RS instructions are checked for 


boundary alignment. The flag is generated 


if the address violates the boundary 
alignment rules. 


Operation code error — An 
illegal operation or an 
undefined operation is 
specified. 


Syspool overflow — The disc 
assembler has overflowed the 
syspace area allotted to 
processing EXTRN and ENTRY 
records. 





Replace absolute expression with relocatable 
expression. 


Reduce number of ESIDs to conform *o limit 
of 254. 


Specify appropriate base register. 


Eliminate duplicate labels. 


Correct incorrect formats, 


Either decrease size of statement, or 
increase the size of buffer. 


Correct alignment. 


Correct specification. 


Remap the syspool using DACMAP (utility 
and service routines, UP-7713) and resubmit 
job, If problem persists, additional syspool 
area must be allotted to the job. 
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Table 14—1. Error Message Summary (Part 2 of 3) 


L Diagnostic Location counter overflow — Reassembie specifying correct object computer 
Either one of the location size. 
counters has overflowed or the 
assembled program has exceeded 
the specified maximum storage 
space available. The assembler 
assumes that the computer in 
which the object module is to 
be executed has the same 
configuration as the computer in 
which the program is assembled, 
unless otherwise stated. 


Academic Conditional assembly error — Ensure that DO and ENDO statements are 
DO and ENDO statements have paired. 
not been paired. 


Academic Name field error — The label Correct label error. 
field contains an illegal 
symbol, no symbol when one is 
necessary, or a symbol when 
one is not allowed. 
Academic Relocation information dropped — Correct the usage of relocatable terms. 
A relocatable term is used in 
such a manner that its relo- 
~ cation information is no longer 
valid in this instance. This 
condition occurs frequently 
when a relocatable term is 
used in an expression. 


Academic Statement out of sequence — An Place statements and records in proper 
S flag signifies that a START, sequence. 
PROC, NAME, or ICTL statement 
is out of sequence. This flag 
also signifies that sequence 
numbers in the source records 
are not in ascending order. 

T Academic Truncation — A specified or Reduce length of value or increase length 
completed value is too large for of receiving field, if truncation is not 
the field in which it is stored; intentional, 
therefore, it is truncated and 
inserted into the field. Truncation 
can be intentional}; it does not 
prevent the execution of the program. 


U Diagnostic Undefined symbol — One or Define all undefined symbols, 
more symbols in a source code 
statement are undefined during 
the assembly. Any symbols that 
remain undefined are equated to 
0, However, undefined paraforms 
do not produce an error flag, 

All symbols that are defined in 
another object module must be 
identified in the EXTRN statement 

so that they can be properly processed 
and not cause U flags, 
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Table 14—1. Error Message Summary (Part 3 of 3) 


— Explanation Response Action 


Vv Diagnostic Internal assembler failure — Notify Sperry Univac customer representative. 
An internal assembler failure 
is detected. This error is 
caused primarily by catas- 
trophic hardware failure, 


Academic Symbol to character string — Correct coding errors. 
An undefined symbol is coded 
in a basic expression. The 
symbol is treated by the 
assembler as a character 
string. 
Diagnostic Continuation error — A Correct coding errors. 
continuation card has not been 
provided for a statement whose 
operand field is incomplete. 





Z Diagnostic Too many nested DO or PROC Correct coding errors. 
directives — More than 10 
levels of DO directives or 
three levels of PROC directives 
are coded for assembly. 
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Appendix A. Instruction Repertoire 


Description 


Add 

Add-normalized (long format) 
Add-normalized (long format) 
Add-normalized (short format) 
Add-normalized (short format) 
Add-half-word 


Add-immediate 


Add-logical 

Add-logical 

Add-decimal 

Add 

Add-unnormalized (short format) 
Add-unnormalized (short format) 
Add-unnormalized (long format) 
Add-unnormatized (long format) 
Branch-and-link 
Branch-and-link-external 
Branch-and-link 
Branch-on-condition 
Branch-on-condition 
Branch-on-condition-to-return-external 


Branch-on-count 





Operation 9400/ 
Code 70 9480 
Lee 
ess 
ae: 


x 


Xx 


Ee ae 


= f= | 


x 
Xx 
Xx 
x 
x 
x Xx 
x XxX 
x 
x 
x 
x 
x x 
x 
X x 
x x 
xX 
X 
x 


Xx 


RX 
RX 
RX 
Si 


=< 
05 
47 
ine a 
ae 


A-1 
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Mnemonic Disciiption Operation foe 90/60, 9400/ 
Code . Code ye 70 9480 


~~ 
a 
a 
Branch-on-index-low-or-equal 87 RS zo ae 
Compare RX 
Compare (long format) RX 
CDR Compare (long format) 9 
Compare (short format) 9 RX 
CER Compare (short format) 39 
Compare-half-word RX 
CL Compare-logical 55 RX 
CLC Garcarsicaieal 5 
CLI Compare-logical 
CLR Compare-logical x 
Cc Compare-decimal FQ 
Compare 
ee 


CVB Convert-to-binary 


> 
nm 
aD 
x 


CcvD Convert-to-decimal 
Divide 

Divide (long format) 
Divide (long format) 
Divide (short format) 
Divide (short format) 


DIAG 


oO 


Diagnose (privileged instruction) 


Divide-decimal 


Oo 


Divide 


m 
> 


m 
N 


Emulation-aid 


Edit 


is) 
n 


Be] aD D ps] 2 
x< x< x x< 


S 


ay 
x 0 


EDMK Edit-and-mark : 


ie) 
mn 


© n wfwtnr Oo ~ | 
m m o/ofolo 


wn 


S 





ll 
Sa a 
a 
a 
a a 
a 
OE ne Te BE 
Load-complement (long format) 
Load-complement (short format) 2-2 | 
. 2 
re 
SC 
a 
a — 
Load (short format) es Ba x 

nae 
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Mnemonic D Gen Operation 
Code becide Code 




























L 


Load-multiple 


LNDR Load-negative (long format) 


oe 
Load-negative (short format) aes x 
a 
a 
a 
7 Sa 
a 
a 
Pe ee ee ee 
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as ee 
a 


| 


(o) 







Subtract-normalized (short format) 


n 


E 


Read-direct (privileged instruction) i eee 





Subtract-normalized (short format) 


Subtract-half-word 


Start-I/O (privileged instruction) 


s 


= 





SiO 
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OO 
A a 
son [anew i PT 
a 
a 
SLM Supervisor-load-multiple (privileged instruction) x 
SLR Subtract-logical | or | 
a 
Or 
a 
a 
Shift-right-double 
Shift-right-double-logical 
a 
[sx | sesmnsernvianemnon fe | ~ | 
ee 
[sm [ semownenainmenmenen [we fre fe 


n 
ad 
io) 


Store-character 


Store {long formaty | 6] nx | x | | 
Store-half-word | af xk |x xX 

ee 
[seamen | | 
ee 
a 
semen Tw | 

ed 

ae 

aoa 





n 
aa 
Oo 








n n” 
x m 


Subtract-unnormalized (iong format) 
Test-channei (privileged instruction) 
Test-I/O (privileged instruction) 
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Mnemonic asaacney pps ton, 
Code Description Type 


Se AeA KONE 
a 
a 
ee 
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Exclusive-OR 


A-6 
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Appendix B. 9400/9480 and 90/60,70 
Hardware Differences 


B.1. GENERAL 

The SPERRY UNIVAC Operating System/4 (OS/4) provides SPERRY UNIVAC 9400/9480 compatibility mode on 
SPERRY UNIVAC 90/60,70 hardware. This compatibility mode does not duplicate ail the characteristics of the 
9400/9480 systems hardware. Therefore, there are minor hardware differences between the 9400/9480 systems and 
the 90/60,70 systems. These differences may require some coding modifications to 9400/9480 programs. 


For additional hardware information, see the processor programmer references, UP-7936 (current version) for 
90/60,70 and UP-8080 (current version) for 9400/9480 systems. 


B.2. INSTRUCTION DIFFERENCES 


B.2.1. Add Immediate (Al) 
7 9400/9480 systems 

Al has an op code of 93, 6 
s 90/60,70 systems 


In 9400/9480 compatibility mode, the Al op code is 93, 5 oF 9A, Pe 


B.2.2. Add Decimal (AP) and Subtract Decimal (SP) 
e 9400/9480 systems 

If operand 2 is longer than operand 1, the high-order digits of operand 2 are ignored. 
a 90/60,70 systems 


A program exception interrupt may occur as a result of processing the significant digits. 


B.2.3. Compare Decimal (CP) 
7 9400/9480 systems 


If operand 2 is longer than operand 1, the high-order digits of operand 2 are ignored. 
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90/60,70 systems 


The shorter operand is extended with 0’s. 


B.2.4. Divide Decimal (DP) 


9400/9480 systems 


Operand 1 length is ignored and execution depends upon first occurrence of a sign. The divisor (operand 2) 
may be a maximum of 31 digits plus a sign. 


90/60,70 systems 


If a sign is not encountered with the first 16 bytes of data, a program exception interrupt occurs. The divisor 
(operand 2) may be a maximum of 15 digits plus a sign. 


B.2.5. Load Address (LA) 


9400/9480 systems 
The 9400/9480 systems use 18-bit main storage addresses. 
90/60,70 systems 


The 90/60,70 systems use 24-bit main storage addresses. 


B.2.6. Multiply Decimal (MP) 


9400/9480 systems 
Operand 1 length is ignored and execution depends upon first occurrence of a sign. 
90/60,70 systems 


If sign is not encountered with the first 16 bytes of data, a program exception interrupt occurs. The multiplier 
(operand 2) may be a maximum of 15 digits plus a sign. 


B.2.7. Set Program Mask (SPM) and Program Status Word (PSW) 


9400/9480 systems 

Bit position 12 is for ASCII mode. 

Bit positions 38 and 39 of the PSW are not used. 

90/60,70 systems 

Bit positions 2 to 7 of the specified register are transferred to bit positions 34 to 39 of the current PSW. 
Bit position 16 is for ASCH mode. 


Bit positions 38 and 39 are used due to the additional hardware capabilities. Other differences will be noted in 
the interrupt code portion of the PSW. 





7935 Rev. 1 


UP-NUMBER 


SPERRY UNIVAC Operating System/4 B-3 


PAGE REVISION PAGE 


B.2.8. Set System Mask (SSM) 


9400/9480 systems 
The operand (mask) is a 1-byte data field. 
90/60,70 systems 


The operand (mask) is a 2-byte data field which must be aligned on a half-word boundary. 


B.3. BUFFER CONTROL WORD (BCW) DIFFERENCES 


The 90/60,70 I/O interfaces do not use BCWs. Any programs which may have communicated with the {/O at the 
physical 1/O tevel require BCW translation to channel command words (CCW). 


B.4. 


CHANNEL COMMAND WORD (CCW) DIFFERENCES 


The 90/60,70 I/O channels contain minor differences from those used in the 9400/9480 systems. Therefore, the 
following considerations must be given to the CCWs used in I/O processes: 


B.5. 


Command code field of 0 (acceptable in the 9400/9480 systems) is not acceptable in the 90/60,70 
environment. 


A TIC-to-TIC operation (acceptable in the 9400/9480 systems) causes a program check in subchannel status in 
the 90/60,70 systems. 


The 9400/9480 command codes TIO, SIS, and RIS require modification for the OS/4 environment. 


A 0O-byte count field for commands other than TIC (acceptable in 9400/9480 systems) results in an 1/O 
interrupt (subchannel status) in the 90/60,70 systems. 


The 90/60,70 hardware has the ability to create an interrupt in an incorrect length condition when the length 
of data transferred does not equal the byte count. 


Although the CCW proc facilities of the 9400 system software provided double-word alignment, the 
9400/9480 systems hardware did not actually enforce this requirement. In the 90/60,70 systems, CCWs must 
be aligned on double-word boundaries or execution is not allowed. 

STANDARD EQUATE PROC 


9400/9480 systems 


This proc (STDEQU) contains appropriate system labels, including those which represent 9400/9480 systems 
low order storage areas. 


90/60,70 systems 


This proc (STDEQUSH) contains additional system labels, unique to the OS/4 90/60,70 environment. 
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B.6. REFERENCE TO NONEXISTENT STORAGE 
a 9400/9480 systems 


In systems with 262K storage, reference to nonexistent storage results in wraparound addressing. In smaller 
systems, the result varies according to the operation as follows: 


_ Read (load), zeros are picked up. 
- Write (store) results in no-op unless write-protection is included thus causing interrupts. 
- Branch results in illegal instruction interrupt at the nonexistent location. 

7 90/60,70 systems 


References to nonexistent storage result in an addressing exception interrupt. 


B.7. MCP TELETYPEWRITER LINE TERMINALS 
tT] 9400/9480 systems 


MCP supported use of multiplexer channel adapter which checks start of message (SOM) and end of message 
(EOM) functions. 


7 90/60,70 systems 


Multiplexer channel adapter SOM and EOM check features are not available. 


B.8. STORAGE REQUIREMENTS OF PREAMBLE AND EXTENT/PROTECTED DTF AREAS 
a 9400/9480 systems 


Storage allocated to the preamble and the extent/protected DTF areas is: 


Preamble Area Extent/Protected DTF Area 
Storage Size (Bytes) (Bytes) 
131K or less 512 512 or a multiple thereof 
262K 1024 1024 or a multiple thereof 


a 90/60,70 systems 


Storage allocation for both the preamble and the extent/protected DTF areas is 2048 bytes or a multiple 
thereof. 
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Appendix C. ASCII,EBCDIC, and 
Table C—1, ASCII (American Standard Code for Information Interchange) Character Codes 
Bit Positions 7, 6,5 
Fea Ee ae ea 
ea ee roe 
pera Ne fe ee 
Ee Oe ee see ae 
a ee ee 
a ee Ee 
ee ee 
Positions 
Pee Sie ee 
ee ae ae ae 
foe I eee ae i | 
Pa racer a 
al es ee ae cd 
[ee Ns NO cell ee 
NOTES: 
ASCII bits are numbered from the left in descending numerical sequence: 7654321 
@ The following optional graphics can be substituted @ Sixty-three printable character set. 
in the character set: 
@ Graphics available by use of the type 0768-02 printer 
~~] for A which prints a 94-character set (DEL is not a graphic) 
\for! | 6) Ninety-four printable character set. 


@ For 63-character printers, the following substitution 
is made: 


\for 


Table C—2, EBCDIC {Extended Binary Coded Decimal Interchange Code} Character Codes 


Bit 
Positions 
4,5,6,7 


NOTES: 


EBCDIC bits are numbered from the left in ascending numerical order: 


® 


01234567 


DC, SOS, FS are the control characters for the EDIT instruction and 
have been assigned for ASCII mode processing so as not to conflict 
with the corresponding character positions previously assigned in the 
EBCDIC chart. As these characters are not outside the range as 
defined in American National Standard, X3.4 — 1968, : 
they must not appear in external storage media, such as 

ANSI standard tapes. This presents no difficulty due to 

the nature of the EDIT instruction. 


Bit Positions 0, 1, 2,3 





The following optional graphics can be substituted in the character set: 


¢ for[ 


! for ] 

For 63-character printers, the following substitution is made: 
I 
\for | 


The lowercase alphabet and indicated graphics are introduced by 
use of the type 0768—02 printer, which prints a 94-character set. 


Yyaannndn 


NOISIAaY 39Vd 


b “ASH SEGL 


” 
u 
m 
av 
m3) 
< 
Cc 
. 
< 
> 
oO 
Oo 
oO 
a 
© 
a. 
E 
a 
2 
- 
o 
=} 
~— 
ES 
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Table C—3. Punched Card, ASCII, and EBCDIC Codes (Part 1 of 5) 


~~ 
Printed ; Card | vse | cece 
Character Symbol Punches Hexadecimal | Decimal | Hexadecimal | Decimal 


Uppercase A 
Uppercase B 
Uppercase C 
Uppercase D 
Uppercase E 
Uppercase F 
Uppercase G 
Uppercase H 
Uppercase | 

Uppercase J 
Uppercase K 
Uppercase L 
Uppercase M 
Uppercase N 


Uppercase O 


Uppercase P 


Uppercase Q 
Uppercase R 
Uppercase S 
Uppercase T 
Uppercase U 
Uppercase V 
Uppercase W 
Uppercase X 
Uppercase Y 
Uppercase Z 
Lowercase a 
Lowercase b 


Lowercase c 
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Character 


Lowercase d 
Lowercase e 
Lowercase f 
Lowercase g 
Lowercase h 
Lowercase i 
Lowercase j 
Lowercase k 
Lowercase | 
Lowercase m 
Lowercase n 
Lowercase o 
Lowercase p 
Lowercase q 
Lowercase r 
Lowercase s 
Lowercase t 
Lowercase u 
Lowercase v 
Lowercase w 
Lowercase x 
Lowercase y 


Lowercase z 





SPERRY UNIVAC Operating System/4 







c-4 
PAGE 










PAGE REVISION 


Table C-3. Punched Card, ASCI1, and EBCDIC Codes (Part 2 of 5) 


84 


Printed 
Symbol 


Card 
Punches 


12—0—4 


12—0-—5 


12—-0-6 


12-0-7 


12—0-8 


12—0-9 


12—11-1 


12-11-2 


12-—11-3 


12-114 


12-—11-5 


12-11-6 


12-11-7 


12—11-8 


12-11-9 


11—0-2 


11—0—-3 


11—0—4 


11—0—-5 


11—0—-6 


11—0-7 


11—0-—8 


11-0-9 





85 


86 
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Table C—3. Punched Card, ASCII, 1nd EBCDIC Codes (Part 3 of 5) 


Printed 
Symbol | Hexadecimal | | Hexadecimat | | Decimal | 


7 


Character 


Symbols 
Exclamation point 
Quotation mark, dieresis 
Number sign, pound sign 
Dollar sign 
Percent sign 
Ampersand 
Apostrophe, acute accent 
Opening parenthesis 


Closing parenthesis 


——, Asterisk 


Plus sign 

Comma, cedilla 
Minus sign, hyphen 
Period, decimal point 
Slash, virgule, solidus 
Colon 

Semicolon 

Less than 

Equal sign 

Greater than 
Question mark 


Commercial at symbol 


Opening bracket 


Closing bracket 
Reverse slash 


Circumflex 
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Underline 
Grave accent 


Opening brace 


Closing brace 


Vertical line 


Overline, tilde 


Character 


ACK (Acknowledge) 
BEL (Bell) 

BS (Backspace) 

CAN (Cancel) 

CR (Carriage return) 
DC1 (Device contro! 1) 
DC2 (Device control 2) 
DC3 (Device controt 3) 
DC4 (Device control 4) 
DEL (Delete) 

DLE (Data link escape) 
DS (Digit select) 

EM (End of medium) 
ENO (Enquiry) 

EOT (End of transmission) 


ESC (Escape) 


ETB (End of transmission block) 


ETX (End of text} 
FF (Form feed) 


FS (File separator) 
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crs |__| eco 


Punches 


Punches 


Nonprintable Characters 
0-—9-—8-6 
0-9-—-8—7 
11-9-6 
11-9-8 
12—9—8—5 
11-9-1 
11-9—2 
11-9-3 
9~8—4 
12-9-—7 
12—11—-9—8-1 
11—0-9-—8-1 
11-9-8-1 
0~-9—8-—5 


9-7 





ae 


ae 
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Table C—3. Punched Card, ASCII, and EBCDIC Codes (Part 5 of 5) 


Card [sen | Sewer 
Character . 
Punches Hexadecimal ppecmal:,| Hexadecimal } Dacia] 


FS (Field separator) 0-9-2 82 
GS (Group separator) 11-9-8—-5 1D 
HT (Horizontal tabulation) 12-9-—5 09 
LF (Line feed) 0-9-5 0A 
NAK (Negative acknowledge) 9~—8-—5 15 
NUL (Null) 12—0-—9-—8—1 00 
RS (Record separator) 11-9-—-8-6 1E 
SI (Shift in) 12-9-8-—7 OF 


SO (Shift out) 12—9—8-6 OE 


SOH (Start of heading) 12-9-1 01 


SOS (Significance start) o-9-1 81 
SP (Space) 20 


STX (Start of text) 02 


ee SUB (Substitute) 1A 


SYN (Synchronous idle) 16 
US (Unit separator) 11-—9-8-7 1F 


VT (Vertical tabulation) 12—-9-8--3 0B 
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Appendix D. Conventions for 
the Use of FORTRAN 
Library Routines 


D.1. GENERAL 
References to FORTRAN library routines may be included in the assembly language program. Both arithmetic and 


elementary analytic functions are available. For a list of the routines and their corresponding argument 
requirements, refer to the FORTRAN supplementary reference, UP-7693 (current version). 


D.2. ROUTINE CALLING CONVENTIONS 


The following paragraphs describe the conventions required for using the FORTRAN library routines. 


D.2.1. Parameter List 


The address of the parameter list must be placed in register 1. The parameter list contains the address or addresses of 
arguments, set up according to FORTRAN specifications, to be used by the library routine. Each entry in the 


parameter list consists of four bytes aligned on a full-word boundary. The last three bytes of each entry contain the 
24-bit address of an argument. The first byte of each entry contains zeros unless it is the last parameter in the list. If 
it is the last parameter, the sign bit of the entry is set (contains hexadecimal 80). 


D.2.2. Save Area 

The address of an 18-word save area, aligned on a full-word boundary, must be placed in register 13 by the assembly 
language program. This storage is used by the library routine to save information, such as the entry point to this 
program, the address to which this program returns, register contents, and save area addresses used by programs 
other than the FORTRAN subroutine. This may be the same save area used by data management except when a 
FORTRAN routine is used within an exit from a data management routine. 

D.2.3. Calling Sequence 

A calling sequence must be coded to transfer control to the library routine which includes: 

1. establishing an EXTRN for the particular FORTRAN library routine; 

2. placing the address of the save area in register 13; 

3. _ loading register 1 with the address of the parameter list; 

4, placing the entry address of a called FORTRAN library routine in register 15; and 


5. branching to register 15 and saving the address in register 14. 


Upon return from the called library routine, register 15 contains the address of the result. 
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Example: 
LABEL A OPERATION A OPERAND A COMMENTS 
10 16 
TAN2 0. i... W FORTRAN, ARCTANCENT. LIORARY. ROVTIME . , 
R13, 5AVE, . see a _ie LOAD APDR OF. 43. Wed. SANS, ARSA bad a ae a 
RON.,SADD i. ihBAD_ADDR_OF PARAMETER WIEST i. i 
RIS SACA CAT.AN2), . i: LBAD_ ADDR OF _ARCTANGENT, celia ccanbean Na 
. { ‘ 


a he Bee ee aoe aye er 


St Tip ee oe ae Par eer om 


oo oe a ee eee 
AZ| PO? 
i 





jwwF 


tele abe 


aud De ght 


pit Tt ox 






La 


ADDRESS IN REGISTER AM: 2. 


SP Sd 


finds ol: 


ie, 


FE Ea 9 Ete ey Os Ot OTe ei ES CA re Os ea Ge oe CO 


| em Pn OG EPs TS ee) Us We rE Cp) LET er OW a OS We MOT Wed 





(aT fe Pe Fe i er We 








Yoni Cat Cae fo PH Car ES 





Figs tele Weel (ny Wer Tree eT 
Be Wes el eal Wee Cod Eat Fee Se ba Sa 


ff san ps ieee Ores ye Re 


*.1,110,0,0,0,00,.¢ 
XK. ! 8,05100.0,0,00,.G .. 


BOP 72S EARTH Wt MR Cg Ue Wea cn WE YD ade Gea Cap gels CN o-Ps ETT 


tiditivese abel a eh d 1 
ddd Medial dA tie et ie AE pg Te oe ed (s 

' | 
woe Wen A ck Say dak ook, ee ey SB a ts L- 


Pe Ol ee ae er oa ca ae sere 


2s GALEU: 














Ya ae a 1 Papi le ie le ee Ee I le I ih ibs 

Pa ee Ea ap Vibe Tet bec vera soedidl iid Medios atciota Wise ab th Sa es Pk - 
ALYCSARG), eae theta ceAhG ol Asked oe ht ga 4. Pde ckes 
LE sar... “INDICATES. LAST. PARAMETER. 

3 CSARE15.). eee ne ere al Pugtiybnr de Mend Siok the w: _ A 
ends 1 hs Ede gd Mngt cocbeal iat eds doe GA oe) Diba ab Ee APD ne, ea Se CRD det Sie moa 
cea ey Say rca 4 i aie mihi Be axe ta intemal YS 

i it eet aera Sd Ot ry dia 


D.3. INTERNAL VALUE REPRESENTATION 


The types of variables and their internal representation used by the FORTRAN functions are as follows: 


INTEGER — 5 bytes 


range of integer = +999999 





999 


+512 


—97643 


EXECUTE ARCTANSENT. eduTie. eS Dosa ciatias 
ETUVURN. TO USER ROUTINE AT. Wetts ie 2 eee ale a zi a! 





LATIONS. FROM ARCTANCENT. | RbUTIWe 


Heh 


jay oi je, 


11 


jot 


Viens oe 


Lea 


4 


Fe ESS Coa a 
oe oe 


1. 


age Enya Os tee 
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REAL — 4-byte mantissa 
1-byte exponent 
mantissa range = +9999999 


exponent range = +127 to —128 biased by 128 


3.141 = 3141 x 10! 


—,003141 = —.3141 x 107? 





assumed decimal point 


DOUBLE PRECISION — 9-byte mantissa 
1-byte exponent 
mantissa range = +99999999999999999 
exponent range = +127 to —128 biased by 128 


exponent 


| | mantissa — 
88 | 97 | 5 | as | 21 | 2 | a0 | 00 | 00 0c | 


assumed decimal point 


97654321.123 = 97654321123 x 10° 









exponent 


[|-____-mantissa 





.00000000124799 = .124799 x 10-8 





assumed decimal point 


D-—3 
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COMPLEX — 10 bytes 
Real part: 4-byte mantissa 
1-byte exponent 
Imaginary part: 4-byte mantissa 
1-byte exponent 


The range of real and imaginary parts is the same as specified for the real number. 


Real Imaginary 


exponent exponent 


|___ mantissa — |— mantissa —_ 






4.5 + .79i 


assumed decimal points 


PAGE REVISION 
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Appendix E. Use of Param Statement 


E.1. GENERAL 

The user may include PARAM statements in a control stream to supply additional information to the assembler. The 
information is specified by means of operands in the PARAM statement. This appendix describes the operands and 
their use. It is an assembler function to process the PARAM statements; however, because the PARAM statement is a 
part of the control stream, it is a job control function to obtain each statement and make it available to the 
assembler. 


An error detected in the operand field of a PARAM statement results in the automatic abort of the job step after 
any remaining operands in the statement and any additional PARAM statements are evaluated. 


Error messages are written on the line printer and a message indicating a program abort is sent to the console 
typewriter. 


Termination of PARAM statement processing occurs when any of the following conditions are detected: 
1. an end-of-data response is given; 

2. a start-of-data image is detected (/$); or 

3. aslash is not detected in column 1. 


The remaining statements in that job are bypassed until the first statement of the next job step is encountered; 
statement processing then continues. 


E.2. PARAM STATEMENT OPERANDS 


The following sections describe the options that may be specified in the operand field of the PARAM statements for 
an assembly operation. 


E.2.1. IN — Source Library Input 
This option is used to indicate the file on which the source program resides. 


Format: 





/APARAM IN = program-name/file-name 
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where: 
program-name __ is the source program name which can consist of up to eight characters. 
file-name is the file name of the source program and consists of up to eight characters. This name 
must be specified in an LFD control statement. 
The file name may be any user-specified name. SCR2 may be submitted as file name for the assembler. If no file 
name is submitted, then SYSRES is assumed. 
This option directs the assembler to search the file indicated for the specified program name in the source library. 
The tape being searched must be in standard library format. If the option is omitted, the source code will be in the 
control stream (preceded by a /$ statement and followed by a /* statement). 
E.2.2. LIN — Referencing the Proc Library 
This option is used to identify a library containing proc groups. 
Format: 
1 10 
//APARAM LIN = ii de group, ,...) \ 
where: 
ee 
file-name identifies the file on which the input library resides. The name must appear on an LFD 
control statement and consists of up to eight characters. 
group, is a proc group number. A maximum of 10 groups may be specified. 
N indicates that a proc library is not to be searched (only procs defined within the source 
module being assembled will be considered). 
An LIN statement other than LIN=(N) must specify at least one group number. Only those groups specified in the 
LIN statement are searched for proc definitions on the specified file. If a file name is not specified, the file searched 
will be that named PROCS. 
A maximum of one file name may be specified. The file containing the procs must be in standard library format. The 
names OBJFIL, SCR1, SCR2, or SCR3 are not permitted. 
If an LIN statement is not specified, processing proceeds as though LIN=(1) had been specified. The procs accessed 
are those in the first group PROC$. 
E.2.3. LST — Selecting List Options 
This option allows the programmer to indicate the types of listings desired. 
Format: 
ad 





// PARAM LST = (spec, spec, ,...) 
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where: 
spec, may be any or all of the following: 

B — produce debug mode proc generation 

C — produce cross-reference listing 

H — provide a boundary alignment check for the operand address of RX, SI, and RX 
instructions. If the addresses violate the boundary alignment rules, an H flag will 
be generated by the assembler. The check is made based on the effective 
addresses; i.e., the assembler checks the value which results from adding the 
covering register value and the displacement value. 


N — inhibit all output listings 


O — produce object program listing with corresponding source code (code-edit) and 
external symbol! dictionary 


P — list source code defined procs 


W — inhibit the listing of warning diagnostics (errors identified by a severity code of 
P) 


If a single specification is written, parentheses are not required. 


!f an LST option is not submitted, the assembler produces an object program listing, diagnostic errors, and a 
nondebug proc mode listing. 


E.2.4. OUT — Output Module Type 


This option allows the programmer to determine whether the output of the assembler is to be an object module or a 
load module. !t also allows the object module to be copied to a tape. 


Format: 





//APARAM out = <{N) 
(T) 
(P) 
where: 

(L) indicates a load module is to be produced. 

(N) indicates that writing of a primary output for the assembler is to be inhibited. 

(T) indicates that the object module generated by the assembler is to be copied from MCL toa 

tape specified as OBJFIL. 
(P) indicates a loadable toad module is to be produced with a prefix loader which will not be 


processed by the linkage editor. This need not be used for the disc assembler; if L and T are 
specified, the module is unconditionally produced with a prefix loader. ; 
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If L is specified, the load module name generated is eight characters in length, left-justified, and zero filled if less 
than eight characters. 


a 
If the OUT option is not specified, an object module is produced in the MCL only by the disc assembler. The 
resultant object module must be processed by the linkage editor before being executed. The object module name 
generated is eight characters in length, left-justified, and blank filled, if less than eight characters. 
lf the L parameter is used, the source program being assembled is subject to the following restrictions: 
a Unresolved EXTRN references are not permitted. 
a 1/O protect is not provided. 
2 V-type constants are not permitted. 
a Common directives are not permitted. 
a Only single phase load modules are permitted. 
a The resultant load module may not be processed by the linkage editor. 
E.2.5. VER — Version Number 
This option allows a change to be made to the version number of an object module. 
Format: 
et 





//APARAM VER = level-number [/update-number] 


where: 

level-number is a 1- or 2-digit decimal number (O—99) representing a level number. 

update-number _ is a 1- or 2-digit decimal number (O—99) representing an update number. 
The assembler converts the version number to one or two packed decimal digits (as required) and stores it in the 
version number field in the object module header and sets the least significant bytes (the update number portion) to 
0 if the update number is not specified with the VER option. 


If the VER option is not specified, the assembler assigns a version number as follows: 


a The version number field is set to packed decimal zeros in the object module header if the source module was 
submitted in the job stream. 


s The version number inserted into the object module header is identical to that of the source module if the 
source module was submitted from tape. 
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E.2.6. CDE — Produce Compatible Code 
The OS/4 assembler produces code intended to be run on the SPERRY UNIVAC 90/60,70. If it is desired to 


assemble a program which can run on either the 90/60,70 or the SPERRY UNIVAC 9400/9480, the following 
PARAM statement should be included in the control stream. 


Format: 





_ J 94 
//APARAM CDE = ve 


This statement, in either format, causes the assembler to: 
s flag as an illegal operation code any instruction not in the repertoire of the UNIVAC 9400, and 


a assemble the Al instruction with the hexadecimal operation code (X’93’) that is appropriate for execution on 
the 9400/9480. 


In this mode, the only legal instruction mnemonic operation codes are: 


A BCTR ED LTR NR SLM STM 
AH Cc HPR MP oO SP SVC 
Al CH Ic MVC oc SPM ™ 
AP CL L MV! Ol SR TR 
AR CLC LA MYVN OR SRL UNPK 
BAL CLI LH MVO PACK SSM Xx 
BALR CLR LLR MVZ S SSTM XC 
*BC cP LM N SH ST XI 
*BCR CR LPSW NC sto STC XR 
BCT DP LR Ni SLL STH ZAP 


*The extended mnemonic operation codes associated with these instructions are also legal. 


E.2.7. RO$ — Suppressing Covering Error Flag 


When the RO$ PARAM statement is specified, the disc assembler will not generate a C flag on the instruction line for 
either of the following conditions: 


a Displacement field has an absolute value that is less than 4096. 
a Displacement field has a relocatable value that is fess than 4096. 


If the RO$ PARAM statement is omitted, the disc assembler generates C flags for both of the aforementioned 
conditions. 


Format: 





//APARAM RO$=YES 
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The following example illustrates typical situations or conditions in which source statements are flagged as covering 
errors. ee 


Example: 

























































OPERAND A 
16 

L, ZO4HS pe rrr tari tirriiitivrirtiiiils 

2. 135 pet a Pa a 

3. 1 

4 

6. pe gh a a ae Pe a eo At 

7. O RE Dad Sr Psy vas a Oe Ta ro 
: g. Nis PR 5,0 po a be te 

7, i (uA. Hit Seana tee uen eran Maen 

Jo. da Fre. ee ee er ere eras ae eo Oe 


If RO$=YES is not specified, the source statements coded on lines 2, 3, 6, and 10 are flagged as covering 

errors. If ROS=YES is specified, however, only coding lines 3 and 6 are flagged as covering errors. Flags are not 

generated for coding lines 2 and 10, respectively, because ROS=YES implies that absolute displacements less 

than 4096 are allowed (line 2); and the USING *,0 and RO$=YES are both in effect (line 10). Coding lines 3 foley 
and 6 are still in error because the appropriate USING directives are not in effect. 


rf 
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Appendix F. Executing the 
Assembler 


F.1. GENERAL 


The assembler software elements and the hardware systems to which each is related are listed in Table F—1. 


Table F—1, Assembler Software Element Names 


9400/9480 Systems 90/60,70 Systems 


Tape assembler 

{BM 360 compatible tape assembler 
Basic tape assembler 

Basic disc assembler 

Disc assembler 

Disc assembler 


IBM 360 compatible disc assembler 


Disc/tape assembler 





F.2. JOB CONTROL STREAMS | 


Sample job control streams for executing assembler software elements are provided in the current versions of the 
9400/9480 operations handbook, UP-7871 and the 90/60,70 operations handbook, UP-7937. 


F.3. MAIN STORAGE REQUIREMENTS 
The assembler utilizes additional main storage when it is assigned. The following effects are realized. 
a Additional space is assigned for the variable symbols table which permits a greater number of variable symbols 


to be defined. This includes PROC labels, DO labels, SET symbols, PROC parameters, and system SET 
symbols. 
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Reduces the recycling of cross-reference fisting. 


Increases performance by reducing assembly time through the use of additional tables and I/O buffers. 


F.4. SPECIAL CONSIDERATIONS AND RESTRICTIONS 


Blank Cards 


Blank cards cannot be placed between PROC definitions appearing in a source code deck or between the last 
source defined PROC and the first statement of the source deck. PROC definitions appearing in a source deck 
must immediately precede the START directive. 


Restrictions for BASM and BDASM Software Elements 

The BASM and BDASM software elements do not support the following PARAM statement options: 
// PARAM LST=(N) 

// PARAM OUT=(N) 

Restrictions for ASM, BASM, BDASM, and DTASM Elements 
The preservation of the UPS! byte applies only to job steps and not to the entire job. 
Restrictions for ASM, BASM, and BDASM Elements 
A restriction in the use and processing of local and global set symbols exists in ASM, BASM, and BDASM 
elements. This restriction is due primarily to the fact that the DTF macro instruction for index sequential 
access method (DTFIS) makes extensive use of these symbols and therefore approaches the current limit of 
the assembler to process such symbols. Consequently, if a user is also using global or local set symbols in his 
source module, he may exceed the limit of the assembler. if the user source module does not include any 
global or local set symbols, but does include a DTFIS call, then the assembler limit is not exceeded unless the 
source module includes calis to macros which define other global set symbols. If, however, global and/or local 
set symbols are declared in the source module, it is then possible that the global set symbols previously defined 
may become undefined. In the event that this occurs, the DTFIS macro cal! must be assembled separately and 
the appropriate linkage established with the processing modules. 

- Five levels only of DO nesting are permitted. 

- Replacement of parameter or set symbols in the operations field is not permitted. 

- When specifying a TITLE directive that is shorter in length than that previously defined by a TITLE 
directive, make certain that the new directive contains enough trailing blanks to make the new length 
equal to the previously defined TITLE. This requirement is necessary to insure that the buffer for the 
TITLE directive is properly reinitialized. 


- The PRINT directive is not implemented. 


_ The number of EXTRN and ENTRY directives processed by this version of the assembler is limited to 
50 each. 


- The !CTL directive is not supported. 
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a Restrictions for BDASM Element 
No single SYSPOOL support is provided and use of the 8424/8425 disc unit is restricted. 
a Restriction of Specifying a Literal in an Address Constant 


The assembler terminates abnormally whenever it encounters a literal specified as an operand of a supervisor 
imperative macro instruction. Assembler design does not allow a litera! to be specified as an address constant. 


2 File Overflow Error Condition 


Whenever it is unable to recycle EXTRN and ENTRY records due to an overflow of allotted space on 
SYSPOOL, the assembler causes a FILE OVERFLOW error condition to be displayed on the con:ole, produces 
a main storage dump, and terminates processing. Th2 corrective action to be taken for such a situation consists 
of remapping SYSPOOL by use of DACMAP and resubmitting the job. If the problem persists, additional 
SYSPOOL space must be allotted to the job. 


a Incorrect Proc Processing 
The disc tape assembler (DTASM) may incorrectly process the last proc of a tape proc file due to the failure of 


a WAIT instruction to be issued. This condition may be prevented by including a dummy proc as the last proc 
of the file. 
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Term 


A 


A (add) fixed-point instruction 
Absolute expressions 


Academic error messages 
description 
summary 


AD (add-normalized, long format) floating-point 
instruction 


Add-decimal instruction 


Add fixed-point instructions 
A 
AR 


Add-half-word fixed point instruction 


Add-immediate fixed-point instruction 


Add-logical instruction 
AL 
ALR 


Add-normalized, long format floating-point 
instructions 
AD 
ADR 


Add-normalized, short format floating-point 
instructions 
AE 
AER 


Reference 


4.2 


14.1 

Table 14-1 
6.2 

5.2 

B.2.2 

4.2 

4.5 

4.3 

44 


B.2.1 


7.2 
7.3 


6.2 
6.3 


6.4 
6.5 


2-10 


14-1 
14-3 


6-2 
6-4 


6-5 
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Term 


Add-unnormalized, short format floating-point 
instructions 
AW 
AWR 


Add-unnormalized, short format floating-point 
instructions 
AU 
AUR 


Address constant types 
base and displacement 
description 
external 
full-word 
half-word 


ADR (add-normalized, long format) 
floating-point instruction 


Advance-listing directive 


AE (add-normalized, short format) 
floating-point instruction 


AER (add-normalized, short format) 
floating-point instruction 


AH (add-half-word) fixed-point 
instruction 


Al (add-immediate) fixed-point 
instruction 


AL (add-logical) instruction 


Index 1 
PAGE 

Reference Page 
6.8 6-11 
6.9 6-13 
6.6 6-9 
6.7 6-10 
11.8.3 11-12 
11.8 11-11 
11.8.4 11-13 
11.8.2 11-11 
11.8.1 11-11 
6.3 6-4 
12.6.1 12~6 
6.4 6-5 
6.5 6~7 
4.3 4-3 
44 4-4 
B.2.1 B—1 
7.2 7-1 
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Term 


ALignment 
boundary 


data and storage 
Alphabetic character set 
Alphanumeric character set 
ALR (add-logical) instruction 


AND logical instructions 
N 
NC 
Ni 
NR 


AP (add-decimal) instruction 


AR (add) fixed-point instruction 


Arithmetic operators 
description 
summary 


ASCII 
character codes 
directive 
summary comparison 


ASM 
restrictions 
softwere element name 


ASMC, software element name 
Assembler characteristics 


Assembler directives 
assembly control 
base register assignment 
conditional assembly 
deseription 
EQU (symbol definition) 
input and output control 
listing control 
program linking and sectioning 


Assembler elements 
names 
restrictions for ASM, BASM, 
BDAM, and DTASM 


Reference 


11.6 
12.1 
Table 11-1 


2.1 
2.1 


7.3 


7.16 
7.17 
7.18 
7.19 


5.2 
B.2.2 


4.5 


2.4.1 
Table 2-1 


Table C-1 
1.2.3.1 
Table C—3 


F.4 
Table F—1 


Table F—1 


1.2 


¢ 


12.3 
12.4 
12.8 
12.1 
12.2 
12.7 
12.6 
12.5 


Table F—1 


F.4 


Page 


11-5 
12-1 
11-1 


2-1 
2-1 


7-2 


12-2 
12-7 
12-22 
12-1 
12-1 
12-19 
12-16 
12-9 


F-2 
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Term 


Assembler language 
character set 
expressions 
operators 
statement format 
terms 


Assembler output listing 
error messages 


external symbol identification items 


object code 


options 
source code 


Assembler, 9400/9480 compatible code 


Assembly-branch directive 


Assembly control directives 
ASCII 
CNOP (condition-no-operation) 
description 
EBCDIC 
END (program-end) 
LTORG (generate-literals) 
ORG (specify-location-counter) 
START (program-start) 


Assembly-destination directive 
Assign-base-register directive 


Attribute references of symbols 
length 


number 
relocatability 
value 


AU (add-unnormalized, short format) 
floating-point instruction 


AUR (add-unnormalized, short format) 
floating-point instruction 


AW (add-unnormalized, long format) 
floating-point instruction 


AWR (add-unnormalized, long format) 
floating-point instruction 


index 2 
PAGE 

Reference Page 
2.1 2-1 
2.5 2-10 
2.4 2-8 
2.2 2-1 
2.3 2-3 
1.2 1-2 
14.1 14-1 
12.5 12-9 
1.2 1-1 
12.6 12—6 
12.5 12-9 
1.2 1-1 
12.6 12-6 
E.2.6 E—5 
12.8.6 12-7 
12.3.1 12-2 
12.3.3 12-3 
12.3 12-2 
12.3.2 12~3 
12.3.4 12-4 
12.3.5 12-5 
12.3.6 12—5 
12.3.7 12-6 
12.8.7 12-7 
12.4.2 12-7 
2.3.3.2 2-6 
2.3.5 2-7 
2.3.5 2-8 
2.3.3.3 2-7 
2.3.3.1 2-6 
6.6 6-9 
6.7 6-10 
6.8 6-11 
6.9 6-13 
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Term 


BAL (branch-and-link) instruction 


BALE (branch-and-link-external) 
instruction 


BALR (branch-and-link) instruction 
Base and displacement constants 
Base register assignment directives 
description 
DROP (unassign-base-register) 
USING (assign-base-register) 
BASM 
restrictions 
software element name 
BC (branch-on-condition) instruction 


BCR (branch-on-condition) instruction 


BCRE (branch-on-condition-to-return-external) 
instruction 


BCT (branch-on-count) instruction 
BCTR (branch-on-count) instruction 
BCW (buffer control word) 
BDASM 

restrictions 

software element name 
Binary constants 
Binary representation 
Branch-and-link-external instruction 
Branch-and-link instructions 

BAL 

BALR 
Branch-on-condition instructions 

BC 

BCR 


Branch-on-condition-to-return-external 
instruction 


Reference 


8.3 


84 
8.5 
11.8.3 
12.4 


12.4.1 
12.4.2 


F.4 
Table F—1 
8.6 


8.7 


8.8 


8.9 


B.3 


F.4 

Table F—1 
11.7.3 
2.3.1.1 
8.4 


8.3 
8.5 


8.6 
8.7 


8.8 


Page 


8-3 


84 
8-5 
11-12 
12-7 


12-7 
12-7 


8-11 


8-12 


8-4 


8-3 
8-5 
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Term 


Branch-on-count instructions 
BCT 
BCTR 


Branch-on-index-high instruction 
Branch-on-index-low-or-equal instruction 


Branching instructions 

BAL (branch-and-link) 

BALE (branch-and-link-external) 

BALR (branch-and-link) 

BC (branch-on-condition) 

BCR (branch-on-condition) 

BCRE (branch-on-condition-to-return- 
external) 

BCT (branch-on-count) 

BCTR (branch-on-count) 

GXH (branch-on-index-high) 

BXLE (branch-on-index-low- 
or-equal) 

description 

EX (execute) 

extended mnemonic codes 


Buffer contro! word (BCW) 
BXH (branch-on-index-high) instruction 


BXLE (branch-on-index-low-or-equal) 
instruction 


C (compare) fixed-point instruction 


CCW (define-channel-command-word) 
directive 


CD (compare, long format) floating-point 
instruction 


CDE — produce compatible code 


CDR (compare, long format) floating-point 
instruction 


CE (compare, short format) floating-point 
instruction 


CER (compare, short format) floating-point 
instruction 


Index 3 
PAGE 

Reference Page 
8.9 8-11 
8.10 8-12 
8.11 8-13 
8.12 8-14 
8.3 8-3 
8.4 8-4 
8.5 8-5 
8.6 8-7 
8.7 8~8 
8.8 8-9 
8.9 8-11 
8.10 8-12 
8.11 8-13 
8.12 8-14 
8.1 8-1 
8.13 8-15 
Table 8—1 8-2 
B.3 B-3 
8.11 8-13 
8.12 8-14 
4.6 4-6 
11.9 11-13 
6.10 6-14 
E.2.6 E-5 
6.11 6-15 
6.12 6-16 
6.13 6-17 
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Term 


CH (compare-half-word) fixed-point 
instruction 


Channel state codes 
description 
summary 

Character constants 


Character expressions 


Character representation 
definition 


type of field 
Character set 
Character strings 
Character substrings 
CL (compare-logical) instruction 


CLC (compare-logica!) 
instruction 


CLI (compare-logical) instruction 
CLR (compare-logical) instruction 
CNOP (conditional-no-operation) directive 
Coding form 
COM (common-storage-definition) directive 
Comments field 
Common-storage-definition directive 
Compare-decimal instruction 
Compare fixed-point instructions 

C 

CR 


Compare-half-word fixed-point 
instruction 


Page 


10-1 
10-2 


11-5 


2-12 


2-1 
2-12 
2-12 


7-3 


12-3 
2-2 


12-9 


12-9 
5-4 
B-1 


4-6 


4-1 
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Term 


Compare-logical instructions 
CL 
CLC 
CLI 
CLR 


COMPARE, long format floating-point 
instructions 
cD 
CDR 


COMPARE, short format floating-point 
instructions 


CE 
CER 


Compatibility 
Concatenation 
character strings 


character substrings 


Condition codes 
See also individual instructions. 


Conditional assembly 


Conditional assembly directives 
description 


DO 

ENDO 

GBL 

GOTO 

LABEL 

LCL 

SET 
Conditional-no-operation directive 
Constant subfield 
Continuation 
Control-section-identification directive 
Conventions, statement 


Convert-to-binary fixed-point instruction 


Cenvert-to-decimal fixed-point instruction 


Index 4 
PAGE 

Reference Page 
7.4 7-3 
7.5 7-4 
7.6 7-6 
17 7-7 
6.10 6-14 
6.11 6-15 
6.12 6-16 
6.13 6-17 
1.2 1-2 
2.5.4 2-1 
2.5.4 2-1 
3.4 3-8 
12.8 12-22 
1.2 1-1 
12.8 12-22 
12.8.4 12-25 
12.8.5 12—25 
12.8.3 12—23 
12.8.6 12-27 
12.8.7 12-27 
12.8.2 12-23 - 
12.8.1 12—22 
12.3.3 12-3 
11.4.4 11-4 
2.2.5 2-3 
12.5.2 12-11 
1.4 1-7 
4.9 4-10 
4.10 4-11 


ae 
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Term 


= CP (compare-decimal) instruction 


CR (compare) fixed-point instruction 


CSECT (control-section-identification) 
directive 


CVB (convert-to-binary) fixed-point 
instructions 


CVD (convert-to-decimal) fixed-point 
instruction 


D 


D (divide) fixed point instructions 
DASM, software element name 
DASMC, software element name 
DASM4, software element name 


oe Data access 
Data and storage definition 

characteristics of storage types 
DC (define constant) statement 
DC operand subfields 
description 
DS (define storage) statement 
DS operand subfields 


Data constant types 
binary 
character 
description 
full-word 
half-word 
hexadecimal 
packed decimal 
zoned decimal (unpacked) 


Data formats 

character representation 

data addressing 

decimal numbers 

description 

fixed-point numbers 
a floating-point numbers 

hexadecimal numbers 

logical information 
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Reference 


5.3 
B.2.3 


48 


12.5.2 


4.9 


4.10 


411 


Table F—1 


Table F—1 


Table F—1 


1.3 


Table 11-1 
11.2 
11.4 
11.1 
11.3 
11.4 


11.7.3 
11.7.1 
W7 

11.7.7 
11.7.6 
11.7.2 
11.7.4 
11.7.5 


1.3.5 
1.3 

1.3.4 
1.3 

1.3.1 
1.3.2 
1.3.3 
1.3.6 


Page 


12-11 


1-1 
11-2 
11-3 
11-1 
11-2 
11-3 


11-7 
11-5 
11-5 
11-10 
11~10 
11-6 
11-8 
11-9 


| 
ox) 


| 
() 


- oe ee 
| | 
- Roa 
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Term 


DC (define constant) statement 
description 
example 
format 
operand subfields 


DD (divide, long format) floating-point 
instructions 


DDR (divide, long format) floating-point 
instructions 


DE (divide, short format) floating-point 
instructions 


Decimal constants 
packed 
unpacked 


Decimal instructions 
AP (add-decimal) 
CP (compare-decimal) 
description 
DP (divide-decimal) 
MP (multiple-decimal) 
MVO (move-with-offset) 
PACK (pack) 
SP (subtract-decimal) 
UNPK (unpack) 
ZAP (zero-and-add) 


Decimal numbers 

Decimal representation, binary values 

Define-channel-command-word 
(CCW) directive 

Define constant (DC) statement 

Define storage (DS) statement 


DER (divide, short format) floating-point 
instruction 


DIAG (diagnose) status switching 
instruction 


Diagnose status switching instruction 
Diagnostic errors 


description 
summary 


Index 5 
PAGE 

Reference Page 
11.2 11-2 
11.4 11-3 
11.2 11-2 
11.4 11-3 
6.14 6-18 
6.15 6-19 
6.16 6-21 
11.7.4 11-8 
11.7.5 11-9 
5.2 5-1 
5.3 5-4 
5.1 5~1 
5.4 5-6 
5.5 5-8 
5.6 5-10 
5.7 5-12 
5.8 5~—13 
5.9 5-16 
5.10 5-18 
1.3.4 1-5 
2.3.1.3 2-5 
11.9 11--13 
B.4 B-3 
11.2 11-2 
11.3 11-2 
6.17 6-22 
9.2 9-1 
9.2 9-1 
14.3 14—1 


Table 14-1 14-3 
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Term 


Direct contro! and external interrupt 
feature 


Divide-decimal instruction 


Divide fixed-point instructions 
D 
DR 


Divide, long format floating-point 
instructions 
DD 
DOR 


Divide, short format floating-point 
instructions 
DE 
DER 


DO (start-of-range) directive 


DP (divide-decimal) instruction 


DR (divide) fixed-point instruction 
DROP (unassign-base-register) directive 


DS (define storage) statement 
description 
format 
operand subfields 


DSECT (dummy-control-section identification) 
directive 


DTASM 
restrictions 
software element name 


Dummy-control-section-identification 
directive 


Duplication subfield 


EBCDIC 
character codes 
directive 
summary 


ED (edit) logical instruction 


Reference 


9.13 
5.4 
B.2.4 


411 
4.12 


6.14 
6.15 


6.16 
6.17 


12.8.4 


5.4 
B.2.4 


4.12 
12.4.1 
11.3 


11.3 
11.4 


12.5.3 


Fa , 
Table F—1 
12.5.3 


11.4.4 


Table C—2 
12.3.2 
Table C—3 


78 


Page 


4-12 
4-14 


6-18 
6-19 


6-21 
6-22 


12-25 


B-2 

4-14 
12-7 
11-2 


11-2 
11-3 


12-12 


12-12 


11-4 


C-2 
12-3 
C—3 


1-8 


Term 
Edit-and-mark logical instructions 
Edit logical instruction 


EDMK (edit-and-mark) logical 
instruction 


EJECT (advance-listing) directive 
Element names, software 


END directive 
proc-definition-end 
program-end 


END (program-end) directive 
ENDO (end-of-range) directive 


ENTRY (externally-defined-symbol- 
declaration) directive 


EQU (symbol-definition) assembler directive 


Error and informational messages 
description 
PNOTE 


Error messages 
academic 
diagnostic 
explanation 
fatal 
summary and meanings 


ESID items 
EX (execute) branching instruction 


Exclusive-OR logical instructions 
X 
XC 
Xl 
XR 


Execute branching instruction 


Exponent 
floating-point addition 
normalization 
underflow 
zero result 
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Index 6 
PAGE 

Reference Page 
7.9 7-13 
78 7-8 
79 7-13 
12.6.1 12-16 
TableF—1 F-1 
13.1.3 13-3 
12.3.4 12~—4 
12.3.4 12-4 
12.8.5 11-25 
12.5.4 12-14 
12.2 12-1 
14.1 14-1 
13.1.4 13-3 
14.4 14-2 
14.3 14-1 
14.1 14-1 
14.2 14-1 
Table 14-1 14-3 
12.5 12—9 
8.13 8-15 
7.34 7-44 
7.35 7-45 
7.36 7-47 
7.37 7-48 
8.13 8-15 
6.3 6-4 
6.3 6-4 
6.3 6-4 
6.3 6-4 





geo tey.3 SPERRY UNIVAC Operating System/4 


UP-NUMBER 


Term 


Expressions 
absolute 
basic 
character 
description 
length attribute 
relocatable 


Extended mnemonic codes 

External address constants 

External symbol identification items 
Externally-defined-symbol-dectaration 


Externally-referenced-sy mbol-declaration 
directive 


EXTRN (externally-referenced-symbol- 
declaration) directive 


F 


File overflow error condition 


Fixed-point instructions 
A (add) 
AH (add-half-word) 
Al (add-immediate) 
AR (add) 
C (compare) 
CH (compare-half-word) 
CR (compare) 
CVB (convert-to-binary) 
CVD (convert-to-decimal) 
D (divide) 
description 
DR (divide) 
L (load) 
LCR (load-complement) 
LH (load-half-word) 
LLR (icad-limits-register) 
LM (toad-multiple) 
LNR (load-negative) 
LPR (load-positive) 
LR (load) 
LTR (load-and-test) 
M (multiply) 
MH (multiply-half-word) 
MR (multiply) 
S (subtract) 
SH (subtract-half-word) 


Reference 


2.5.1 
2.5.5 
2.5.4 
2.5 

2.5.3 
2.5.2 


8.2 
11.8.4 
12.5 


12.5.4 


12.5.5 


F.4 


4.2 
4.3 
4.4 
4.5 
4.6 
47 
48 
4.9 
4.10 
4.11 


4A2 
4.13 
4.14 
4.15 
4.16 
417 
4.18 
4.19 
4.20 
4.21 
4.22 
4.23 
4.24 
4.25 
4.26 
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Page Term 
SLA (shift-left-single) 
2-10 SLDA (shift-left-double) 
2-13 SLM (supervisor-load-muitipte) 
2-12 SR (subtract) 
2-10 SRA (shift-right-single) 
2-11 SRDA (shift-right-doubie) 
2-10 SSTM (supervisor-store-muitiple} 
ST (store) 
8-2 STH (store-half-word) 
STM (store-multiple) 
11-13 Fixed-point number formats 


12-—9 
Flexible data representation 
12-14 
Floating-point instructions 
AD (add-normalized, long format) 
12-14 ADR {add-normalized, long format) 
AE (add-normalized, short format) 
AER (add-normalized, short format) 
12-14 AU (add-unnormalized, short format) 
AUR (add-unnormalized, short format) 
AW (add-unnormalized, long format) 
AWR (add-unnormalized, long forraat) 


= CD (compare, long format) 
COR (compare, long format) 
CE (compare, short format) 
4-1 
CER (compare, short format) 
4-3 ie 
fe DD (divide, long format) 
4-5 DDR (divide, long format) 
4-6 DE (divide, short format) 
4-8 DER (divide, short format) 
4-9 description 
4-10 HDR (halve, long format) 
4-11 HER (halve, short format) 
4-12 LCDR (load-complement, long format) 
4-1 LCER (load-complement, short format) 
4-14 LD (load, long format) 
4-15 LOR (load, long format) 
4-16 LE (load, short format) 
4-17 LER (load, short format) 


4-18 LNDR (load-negative, long format) 
LNER (load-negative, short format) 


4-19 
LPDR (load-positive, long format) 
4-20 a 
4-1 LPER (load-positive, short format) 
4-29 LDDR (load-and-test, 'ong format) 
4-22 LTER (load-and-test, short format) 
MD (multiply, long format) 
4-23 . 
MDR (multiply, tong format) 
4-24 
ME (multiply, short format) 
4-25 : 
MER (multiply, short format) 
4-26 : 
428 SD (subtract-normalized, long format) 


Index 7 
PAGE 
Reference Page 
4.27 4-29 
4.28 4-30 
4.29 4-31 
4.30 4-33 
4.31 4-34 
4.32 4-35 
4.33 4—36 
4.34 4-37 
4.35 4-38 
4.36 4-39 
1.3.1 1-3 
Figure 1-1 1-4 
1.2 1-1 
6.2 6-2 
6.3 6-4 
6.4 6-5 
6.5 6-7 
6.6 6-9 
6.7 6-10 
6.8 6-11 
6.9 6-13 
6.10 6-14 
6.11 6-15 
6.12 6-16 
6.13 6-17 
6.14 6—18 
6.15 6-19 
6.16 6-21 
6.17 6-22 
6.1 6-1 
6.18 6-23 
6.19 6-24 
6.20 6-25 
6.21 6-26 
6.22 6-27 
6.23 6-28 
6.24 6-29 
6.25 6—30 
6.26 6-31 
6.27 6-32 
6.28 6-33 
6.29 6-33 
6.30 6-34 
6.31 6-35 
6.32 6-36 
6.33 6-38 
6.34 6-39 
6.35 6-41 
6.36 6-42 
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Term 


SDR (subtract-normalized, long format) 
SE (subtract-normalized, short format) 
SER (subtract-normalized, short format) 


STD (store, long format) 
STE (store, short format) 


SU (subtract-unnormalized, short format) 
SUR (subtract-unnormalized, short format) 
SW (subtract-unnormalized, long format) 
SWR (subtract-unnormalized, long format) 


FORTRAN 
functions 
internal variable representation 
library routine conventions 
transfer control 


Full-word address constants 


G 


GBL (global-symbol-declarative) directive 
Generate-literals directive 


GOTO (assembly-branch) directive 


H 


Half-word address constants 
Half-word constants 


Halt-and-proceed status switching 
instruction 


Halt-I/0 instruction 


Halve, long format floating-point 
instruction 


Halve, short format floating-point 
instruction 


Hardware differences 


HDR (halve, long format) floating-point 
instruction 


HER (halve, short format) floating-point 
instruction 


Hexadecimal constants 
Hexadecimal representation, examples of 
binary values 


Reference 


6.37 
6.38 
6.39 
6.40 
6.41 
6.42 
6.43 
6.44 
6.45 


D.1 
D.3 
D.2 
D,2.3 


11.8.2 


12.8.3 


12.3.5 


12.8.6 


11.8.1 


11.7.6 


9.3 


6.18 


6.19 


B.1 


6.18 


6.19 


11.7.2 


2.3.1.2 


Page 
6-43 
6-44 
6-45 
6—46 
6-47 
6-48 
6-50 
6-51 
6-52 


11-11 


11-10 


6-23 


6-24 


6-23 


6-24 
11-6 
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Term 


HIO (hait-1/0) 1/0 instruction 


HPR (halt-and-proceed) status switching 
instruction 


IC (insert-character) logical instruction 
ICTL (input-format-control) directive 


Implied base registers 
description 
referencing main storage 


Implied length operand addressing 
description 
referencing main storage 


IN — source library input 


Input and output control directives 
description 
ICTL (input-format-control) 
ISEQ (input-sequence-control) 
PUNCH (produce-a-record) 


REPRO (reproduce-following-record) 


Input/output instructions 
description 
HIO (halt-1/0) 
LCHR (load-channel-register) 
SCHR (store-channel-register) 
S10 (start-1/0) 
TCH (test-channel) 
TIO (test-1/0 


Input-sequence-control directive 
Insert-character logical instruction 


Insert-storage-key status switching 
instruction 


Instruction differences, hardware 
Instruction formats 


Instruction repertoire 


Instructions 
description 
formats 
summary 
types 


Index 8 
PAGE 

Reference Page 
10.2 10-3 
9.3 9-2 
7.10 7-15 
12.7.1 12-19 
3.2.2 3-6 
Table 3-2 3-5 
3.2.1 3-5 
Table 3—2 3-5 
E.2.1 E~-1 
12.7 12-19 
12.7.1 12—19 
12.7.2 12-20 
12.7.3 12-21 
12.7.4 12—22 
10.1 10-1 
10.2 10-3 
10.3 10-5 
10.4 10-6 
10.5 10-8 
10.6 10-12 
10.7 10—13 
12.7.2 12-20 
7.10 7-15 
9.4 9-3 
B.2 B-1 
Figure 3-1 3-2 
Appendix A 
3.1 3-1 
Table 3-1 3-3 
Appendix A 
3.1 3-1 
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Term 


Interrupt-request instruction, supervisor 
call 


ISEQ (input-sequence-control) directive 


ISK (insert-storage-key) status switching 
instruction 


J 


Job control streams, samples 


K 


Keyword parameters 


L 


L (load) fixed-point instruction 


LA (load-address) logical instruction 


LABEL (assembly-destination) directive 
Label field 


LBR (load-base-register) status 
switching instruction 


LCDR (load-complement, long 
format) floating-point instruction 


LCER (load-complement, short format) 
floating-point instruction 


LCHR (load-channel-register) 1/0 instruction 


LCL (load-symbol-declarative) directive 


LCR (load-complement) fixed-point instruction 


LCS (load-control-storage) status switching 


instruction 


LD (Load, long format) floating-point 
instruction 


LDR (load, long format) floating-point 
instruction 


LE (load, short format) floating-point 
instruction 


Reference 


9.12 


12.7.2 


9.4 


F.2 


13.2.1.2 


4.13 


7.11 
B.2.5 


12.8.7 


10.3 


12.8.2 


4.14 


9.6 


6.22 


6.23 


Page 


13-5 


9-4 


6-25 


6-26 
10-5 
12-23 


4-16 


6-27 


6-28 


6-29 
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Term 


Length attribute 
expressions 
references 
symbols 


Length modifier subfield 


LER (load, short format) floating-point 
instruction 


LH (load-half-word) fixed-point instruction 


LIN — referencing proc library 
Listing-content-control directive 


Listing control directives 
description 
EJECT (advance-listing) 
PRINT (listing-content-contro!) 
SPACE (space-listing) 
TITLE (listing-title-declaration) 


Listing-title-declaration directive 
Listings, types of output 
Literals 

data and storage address 


restriction 


LLR (load-limits register) fixed-point 
instruction 


LM (load-multiple) fixed-point instructio:. 


LNDR (load-negative, long format) floating-point 


instruction 


LNER (load-negative, short format) floating-point 


instruction 


LNR (load-negative) fixed-point instruction 


Load-address logical instruction 


Load-and-test fixed-point instruction 


Load-and-test, long format floating-point 
instruction 


Load-and-test, short format floating-point 
instruction 


index 9 
PAGE 

Reference Page 
2.5.3 2-11 
2.3.5 2-7 
2.3.3.2 2-6 
11.4.3 11-4 
6.25 6-30 
4.15 4-17 
E.2.2 E-2 
12.6.2 12-17 
12.6 12-16 
12.6.1 12-16 
12.6.2 12-17 
12.6.3 12—18 
12.6.4 12-18 
12.6.4 12-18 
E.2.3 E-2 
11.5 11-4 
F.4 F-3 
4.16 4-18 
4.17 4—19 
6.26 6-31 
6.27 6-32 
4.18 4-20 
7.11 7-16 
B.2.5 —2 
4.21 4-22 
6.30 6-34 
6.31 6-35 
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Term 


Load base register status switching 
instruction 


Load-channel-register 1/O instruction 
Load-complement fixed-point instruction 


Load-complement, long format floating-point 
instruction 


Load-complement, short format floating-point 
instruction 


Load-control-storage status switching 
instruction 


Load fixed-point instructions 
L 
LR 


Load-half-word fixed-point instruction 
Load-limits-register fixed-point-instruction 
Load, long format floating-point instructions 


LD 
LDR 


Load modules 


Load-multiple fixed-point instruction 
Load-negative fixed-point instruction 


Load-negative, long format floating-point 
instruction 


Load-negative, short format floating-point 
instruction 


Load-positive fixed-point instruction 


Load-positive, long format floating-point 
instruction 


Load-positive, shart format floating-point 
instruction 


Load-program-status-word status switching 
instruction 


Load, short format floating-point instructions 
LE 
LER 


Reference 


9.5 


6.21 


9.6 


4.13 
4.20 


4.18 


6.26 


4.19 


6.28 


6.29 


9.7 


6.24 
6.25 


Page 


6-26 


4-15 
4-22 


4-17 


6-27 
6-28 


E-3 


4-19 


6-29 
6-30 


Term 


SPERRY UNIVAC Operating System/4 


Location counter references 


Logical instructions 


AL (add-logical) 

ALR (add-logical) 

CL (compare-logical) 
CLC (compare-iogical) 
CLI (compare-logical) 
CLR (compare-logical) 
description 

ED (edit) 

EDMK (edit-and-mask)} 
IC (insert-character) 
LA (load-address) 
MVC (move) 

MVI (move) 

MVN (move numerics) 
MVZ (move zones) 

N (AND) 

NC (AND) 

Ni (AND) 

NR (AND) 

0 (OR) 

OC (OR) 

01 (OR) 

OR (OR) 

SL (subtract-logical) 


SLDL (shift-left-double-logical) 
SLL (shift-left-single-logical) 


SLR (subtract-logical) 


SRDL (shift-right-double-logical) 
SRL (shift-right-single-logical) 


STC (store-character) 
TM (test-under-mask) 
TR (translate) 

TRT (translate-and-test) 
X (exclusive-O R) 

XC (exclusive-O R) 

XI (exclusive-OR) 

XR (exclusive-0 R) 


Logical operators 


LPDR (load-positive, long format) floating-point 


bit comparison chart 
description 
summary 


instruction 


LPER (load-positive, short format) floating-point 


instruction 


LPR (load-positive) fixed-point instruction 


Index 10 


PAGE REVISION PAGE 


Reference Page 


2.3.4 2-7 

7.2 7-1 

7.3 7-2 

7.4 7-3 

75 7-4 

7.6 7-6 

77 7-7 

7.1 7-1 

7.8 7-8 

7.9 7-13 
7.10 7-15 
7.11 7-16 
7.12 7-17 
7.13 7-19 
7.14 7~20 
7.15 7-21 
7.16 7-22 
7.17 7-23 
7.18 7-25 
7.19 7-26 
7.20 7-27 
7.21 7-29 
7.22 7-30 
7.23 7-32 
7.24 7-33 
7.25 7-34 
7.26 7-35 
7.27 7-36 
7.28 7-36 
7.29 7-37 
7.30 7-38 
7.31 7-39 
7.32 7-41 
7.33 7-42 
7.34 7-44 
7.35 7-45 
7.36 7-47 
7.37 7-48 
2.4.2 2-9 

2.4.2 2-9 

Table2—1 2-8 

6.28 6-33 
6.29 6-33 
4.19 4-21 
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Term 


LPSW (load-program-status-word) status 
switching instruction 


LR (load) fixed-point instruction 
LST — selecting list options 


LTDR (load-and-test, long format) 
floating-point instruction 


LTER (load-and-test, short format) 
floating-point instruction 


LTORG (generate-literals) directive 


LTR (load-and-test) fixed-point instruction 


M (multiply) fixed-point instruction 
Macro-facility 

Main storage 

MCL (module complex library) 
MCP teletypewriter line terminals 


MD (multiply, long format) floating-point 
instruction 


MDR (multiply, long format) floating-point 
instruction 


ME (multiply, short format) floating-point 
instruction 


MER (multiply, short format) floating-point 
instruction 


MH (multiply-half-word) fixed-point 
instruction 


Mnemonic operation codes 
Module complex library (MCL) 
Module output types 

Move logical instructions 


MVC 
MVI 


Reference 


9.7 
4.20 


E.2.3 


6.30 


6.31 
12.3.5 


4.21 


4.22 

1.2 

See storage. 
E.2.4 


B.7 


6.32 


6.33 


6.34 


6.35 


4.23 


1.2 


E.2.4 


E.2.4 


7.12 
7.13 


Page 


9—6 


4-22 


6~—34 


6-35 
12-5 


4-22 


4-23 


6-36 


6-38 


6-39 


6-41 


424 
(a 
E-3 


E-3 


Index 11 


PAGE REVISION PAGE 


Term 


Move-numerics logical instruction 
Move-with-offset decimal instruction 
Move-zones logical instruction 


MP (multiple-decimal) instruction 


MR (multiply) fixed-point instruction 


Multiply-decimal instruction 
Multiply fixed-point instructions 
M 
MR 
Multipiy-half-word fixed-point instruction 
Multiply, long format floating-point 
instructions 
MD 
MDR 
Multiply, short format floating-point 
instructions 
ME 
MER 
MVC (move) logical instruction 
MVI (move) logical instruction 
MVN (move-numerics) logical instruction 


MVO (move-with-offset) decimal instruction 


MVZ (move-zone) logical instruction 
N (AND) logical instruction 

NAME (call-label) directive 

NC (AND) logical instruction 

NI (AND) logical instruction 


NR (AND) logical instruction 


Number attributes of symbols, valid 
paraforms 


Reference Page 


7.14 7-20 
5.6 5-10 
7.15 7-21 
5.5 5-8 

B.2.6 B-2 

4.24 4-25 
5.5 5-8 

B.2.6 B-2 

4.22 4-23 
4.24 4-25 
4.23 4-24 
6.32 6-36 
6.33 6-38 
6.34 6—39 
6.35 6-41 
7.12 7-17 
7.13 7-19 
7.14 7-20 
5.6 5-10 
7.15 7-21 
7.16 7-22 
13.1.2 13-2 
7.17 7-23 
7.18 7-25 
7.19 7-26 
2.3.5 2-8 


13.3.1.1 13-7 
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Term 


Numeric character set 


Oo 


0 (OR) logical instruction 


Object and source code output listing 
description 
module types 


Object modules 

OBJFIL 

OC (OR) logical instruction 
0! (OR) logical instruction 


Operand addressing 
contained in instruction 
implied base registers 
implied length 
referencing memory 
stored in main storage 
stored in registers 


Operand subfields 
constant modifier 
description 
duplication 
length modifier 
type 


Operation field 
Operators 
arithmetic 
description 
logical 
relational 
summary 
Options fisting (operand) 
OR (OR) logical instruction 


ORG (specify-location-counter) directive 


OUT, output module type 


Pp 


Pack decimal instruction 


Reference 


2.1 


7.20 


12.6 
E.2.4 


7.22 


3.2 

3.2.2 
3.2.1 
Table 3—2 


3.2 


11.4.4 
11.4 

11.4.1 
11.4.3 
11.4.2 


2.4.1 
2.4 
2.4.2 


2.4.3 
Table 2-1 


5.7 


Page 


11-4 
11-3 
11-4 
11-4 
11-4 


2-2 


5-12 
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Term 
Packed decima! constants 


Packed decimal numbers 


Paraforms 


PARAM statements 
description 
CDE 
IN 
LIN 
LST 
OUT 
RO$ 
VER 


Parameter sublists 


Parameters 
combined positional and keyword 
keyword 
multiple 
positional 
referencing and replacing 


PNOTE statement 
Positional parameters 
PRINT (listing-content-control) directive 


Privileged instructions 
description 
DIAG (diagnose) 
HIO (halt-1/0) 
HPR (halt-and-proceed) 
ISK (insert-storage-key) 
LCHR (load-channel-register) 
LCS (load-control-storage) 
LPSW (load-program-status-word) 
RDD (read-direct) 
SCHR (store-channel-register) 
S10 (start-1/0) 
SLM (supervisor-load-multiple) 
SSK (set-storage-key) 
SSM (set-system-mask) 
SSTM (supervisor-store-multiple) 
TCH (test-channel) 
TIO (test-I/0) 


Privileged operation 


Problem instructions 


index 12 
PAGE 

Reference Page 
11.7.4 11-8 
1.3.4 1-5 
13.3.1.1 13-7 
E.1 E-1 
E.2.6 E-5 
E.2.1 E~1 
E.2.2 E-2 
E.2.3 E-2 
E.2.4 E-3 
E.2.7 E-5 
E.2.5 E—4 
13.2.2 13.6 
13.2.1.3 13-5 
13.2.1.2 13-5 
13.2.2 13~6 
13.2.1.1 13-4 
13.3 13-6 
13.1.4 13-3 
13.2.1.1 13-4 
12.6.2 12-17 
3.3 3-7 
9.2 9-1 
10.2 10—3 
9.3 9-2 
9.4 9-3 
10.3 10—5 
9.6 9-5 
9.7 9-6 
9.8 9-8 
10.4 10-6 
10.5 10-8 
4.29 4-31 
9.10 9-10 
9.11 9-11 
4.33 4-36 
10.6 10—12 
10.7 10-13 
3.3 3-7 
3.3 3-7 
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Term 
Proc definitions, restrictions for 
PROC directive 


PROC formats 
END directive 
example 
NAME directive 
PNOTE directive 
PROC directive 


Proc libraries 
Proc processing, incorrect 
Program-end directive 


Program linking and sectioning directives 
COM (common-storage-definition) 
CSECT (control-section-identification) 
description 
DSECT (dummy-control-section- 

identification) 
ENTRY (externally-defined-symbol- 
declaration) 


EXTRN (externally-referenced-symbol- 


declaration) 
Program listing 
Program-start directive 
Program status word 


Programming considerations, assembler 
output listing 


PSW (program status word) 
PUNCH (produce-a-record) directive 


Punched card code summary 


RDD (read-direct) status switching instruction 
Relational operators 
description 


summary 


Relocatable expressions 


Reference 
F.4 
13.1.1 
13.1.3 
13.1.2 
13.1.2 
13.1.4 
13.1.1 
E.2.2 
F.4 
12.3.4 
12.5.1 
12.5.2 
12.5 
12.5.3 
12.5.4 
12.5.5 
1.2 


12.3.7 


B.2.7 


12.6 
B.2.7 


12.7.3 


Table C~3 


9.8 


2.4.3 
Table 2-1 


2.5.2 


Page 
F-2 
13-1 
13-3 
13-3 
13-2 
13-3 
13-1 


E--2 


12—4 


12-9 
12-11 
12-9 
12-12 
12-14 


12-14 


12-6 


B-2 


12—16 
B-2 


12-21 
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Term 

Relocatability attribute symbols 

Repetitive code generation 
description 
DO (start-of-range) directive 
ENDO (end-of-range) 


REPRO (reproduce-following-record) directive 


RO$ — suppressing covering error flag 


Ss 


S (subtract) fixed-point instruction 


SCHR (store-channel-register) 1/0 instruction 


SD (subtract-normalized, long format) floating- 


point instruction 


SDR (subtract-normalized, long format) 
floating-point instruction 


SE (subtract-normalized, short format) 
floating-point instruction 


Self-defining terms (SDT) 
binary representation 
character representation 
decimal representation 
description 
hexadecimal representation 


SER (subtract-normalized, short format) 
floating-point instruction 


SET directive 


Set-program-mask status switching instruction 


Set-storage-key status switching instruction 
Set symbols 


Set-system-mask status switching instruction 


SH (subtract-half-word) fixed-point instruction 
Shift-left-double fixed-point instruction 


Shift-left-double-logical instruction 


index 13 
PAGE 

Reference Page 
2.3.3.3 2-7 
12.8.4 12—25 
12.8.4 12-25 
12.8.5 12-25 
12.7.4 12-22 
E.2.7 E-5 
4.25 4-26 
10.4 10-6 
6.36 6-42 
6.37 6-43 
6.38 6—44 
2.3.1.1 2—4 
2.3.1.4 2-5 
2.3.1.3 2-5 
2.3.1 2-3 
2.3.1.2 2-4 
6.39 6—45 
12.8.1 12-22 
9.9 9-9 
B.2.7 B-2 
9.10 9-10 
13.3.1.2 13-10 
9.11 9-11 
B.2.8 B-3 
4.26 4—28 
4.28 4-30 
7.25 7-34 
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Shift-left-single fixed-point instruction 
Shift-left-single-logical instruction 
Shift-right-double fixed-point instruction 
Shift-right-double-logical instruction 
Shift-right-single fixed-point instruction 
Shift-right-single-logical instruction 

Sign codes, contents of sign position 

$10 (start-1/0) instruction 

SL (subtract-logical) instruction 

SLA (shift-left-single) fixed-point instruction 
SLDA (shift-left-double) fixed-point instruction 
SLDL (shift-ieft-doubie-logical) instruction 
SLL (shift-left-single-logical) instruction 


SLM (supervisor-load-multipie) fixed-point 
instruction 


SLR (subtract-logical) instruction 


Software element names 


Source and object code output listing 
description 
module types 


Source library inputs 


SP (subtract-decimal) instruction 


SPACE (space-listing) directive 
Specify-location-counter directive 


SPM (set-program-mask) status switching 
instruction 


SR (subtract) fixed-point instruction 


SRA (shift-right-single) fixed-point 
instruction 


Reference 
4.27 
7.26 


4.32 


7.27 


Table F—1 
12.6 
E.2.5 
E.2.1 


¢ 


5.8 
B.2.2 


12.6.3 


12.3.6 


9.9 
B.2.7 


4.31 


Page 


4-29 


4-30 
7-34 


7-35 
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Term 


SRDA (shift-right-double) fixed-point 
instruction 


SRDL (shift-right-double-logica!) instruction 
SRL (shift-right-single-logical) instruction 


SSK (set-storage-key) status switching 
instruction 


SSM (set-system-mask) status switching 
instruction 


SSTM (supervisor-store-multiple) fixed-point 
instruction 


ST (store) fixed-point instruction 
Standard equate proc (STDEQU) 
Standard library format 
Start-of-range directive 

START (program-start) directive 
Start-1/O instruction 

Statement conventions 


Statement format 
coding form 
comments field 
continuation 
description 
label field 
operand field 
operation field 
statements in free format 


Statements in free format 


Status switching instructions 
description 
DIAG (diagnose) 
HPR (halt-and-proceed) 
ISK (insert-storage-key) 
LBR (load-base-register) 
LCS (load-control-sto rage) 
LPSW (load-program-status-word) 
RDD (read-direct) 
SPM (set-program-mask) 


index 14 
PAGE 

Reference Page 
4.32 4-35 
7.28 7-36 
7.29 7-37 
9.10 9-10 
9.11 9-11 
B.2.8 B-3 
4.33 4-36 
4.34 4—37 
B.5 B-3 
E.2.2 E-2 
12.8.4 12—25 
12.3.7 12-6 
10.5 10-8 
1.4 1-7 
Figure 2-1 2—2 
2.2.4 2-2 
2.2.5 2-3 
2.2 2-1 
2.2.1 2-2 
2.3.3 2-2 
2.2.2 2-2 
2.2.6 2-3 
2.2.6 2-3 
9.1 9—1 
9.2 9-1 
9.3 9-2 
9.4 9-3 
9.5 9-4 
9.6 9-5 
9.7 9—6 
98 9-8 
9.9 9-9 
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Term 


SSK (set-storage-key) 
SSM (set-system-mask) 
SVC (supervisor-call) 
WRD (write-direct) 


STC (store-character) logical 
instruction 


STD (store, long format) floating-point 
instruction 


STDEQU (standard equate proc} 


STE (store, short format) floating-point 
instruction 


STH (store-half-word) fixed-point instruction 


STM (store-multiple) fixed-point 
instruction 


Storage 
assignment 


main 
preamble and extent/protected DTF areas 
reference to nonexistent 
utilization 
Store-channel-register 1/0 instruction 
Store-character logical instruction 
Store fixed-point instruction 


Store-half-word fixed-point instruction 


Store, long format floating-point 
instruction 


Store-multiple fixed-point instruction 


Store, short format floating-point 
instruction 


SU (subtract-unnormalized, short format) 
floating-point instruction 


Subtract-decimal instruction 
Subtract fixed-point instruction 


S 
SR 


Reference 


9.10 
9.11 
9.12 
9.13 


7.30 


6.40 


B.5 


6.41 


4.35 


4,36 


1.2 
F.3 
F.3 
B.8 
B.6 
1.2 
10.4 
7.30 
4.34 


4.35 


6.40 
4.36 
6.41 
6.42 
5.8 


B.2.2 


4.25 
4.30 


Page 


9-10 
9-11 
9-13 
9-14 


7-38 


6-46 


6~47 


438 


4-39 


7-38 
4-37 


4-38 


6—46 


4-39 


6-47 
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PAGE REVISION 


Term 
Subtract-half-word fixed-point instruction 


Subtract-logical instructions 
SL 
SLR 


Subtract-normalized, long format 
floating-point instructions 
SD 
SDR 


Subtract-normalized, short format 
floating-point instructions 
SE 
SER 


Subtract-unnormalized, long format 
floating-point instructions 
SW 
SWR 


Subtract-unnormalized, short fomat 
floating-point instructions 
SU 
SUR 


Supervisor-call status switching instruction 


Supervisor-load-mu'tiple fixed-point 
instruction 


Supervisor-store-multiple fixed-point 
instruction 


SUR (subtract-unnormalized, short format) 
floating-point instruction 


SVC (supervisor-call) status switching 
instruction 


SW (subtract-unnormalized, long format) 
floating-point instruction 


SWR (subtract-unnormalized, long format) 
floating-point instruction 


Symbolic addressing 


Symbols 
description 
examples 
length attribute 
operand field 
relocatability attribute 
value attribute 


Index 15 
PAGE 

Reference Page 
4.26 4-28 
7.24 71-33 
7.27 7-36 
6.36 6-42 
6.37 6-43 
6.38 6-44 
6.39 6-45 
6.44 6-51 
6.45 6-52 
6.42 6—48 
6.43 6-50 
9.12 9-13 
4.29 4-31 
4.33 4-36 
6.43 6-50 
9.12 9-13 
6.44 6-51 
6.45 6-52 
1.2 1-1 
2.3.3 2-6 
2.3.5 2-7 
2.3.3.2 2-6 
2.3.3 2-6 
2.3.3.3 2-7 
2.3.3.1 2-6 
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UP-NUMBER 


Term 


System variable symbols 
description 
&SYSDATE 
&SYSECT 
&SYSNDX 
&SYSTIME 


T 


TCH (test-channel) 1/0 instruction 
Terms 

attribute references 

definitions 

literals 

location counter references 

self-defining (SDT) 

symbols 
Test-channel 1/0 instruction 
Test-I/0 instruction 
Test-under-mask iogical instruction 
Time utilization 
TIO (test-1/0) instruction 
TITLE (listing-title-declaration) directive 
TM (test-under-mask) logical instruction 
TR (transtate) logical instruction 
Translate-and-test logical instruction 
Transtate logical instruction 


TRT (translate-and-test) logical instruction 


Type subfield 


U 


Unassign-base-register directive 
Unpack decimal instruction 
Unpacked decimal numbers 

UNPK (unpack) decimal instruction 


USING (assign-base-register) directive 


Reference 


13.7.2 

13.7.2.3 
13.7.2.2 
13.7.2.1 
13.7.2.4 


10.6 


2.3.5 
2.3.2 
2.3.4 


2.3.1 
2.3.3 


7.33 
7.32 
7.33 


14.4.2 


12.4.1 


5.9 


5.9 


12.4.2 


Page 


12-2 

13-26 
13-24 
13-22 
13-26 


10-13 
12-18 


7-39 
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Term 


Value attribute symbols 


Variable symbols 
concatenation 


description 

system 

table 

types in FORTRAN 
use 


VER — version number 


WwW 


WRD (write-direct) status switching 
instruction 


Write-direct status switching instruction 


X 


X (exclusive-O R) logical instruction 
XC (exclusive-OR) logical instruction 
XI (exclusive-OR) logical instruction 


XR (exclusive-OR) fogical instruction 


Z 


ZAP (zero-and-add) decimal instruction 


Zero-and-add decimal instruction 


Zoned decimal constants 


Index 16 
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Reference Page 
2.3.3.1 2-6 
2.5.4 2-12 
13.11.14 13-21 
13.7 13-21 
13.7.2 13-22 
F.3 F-1 
D.3 D-2 
13.7.1 13-21 
E.2.5 E—4 
9.13 9-14 
9.13 9-14 
7.34 7-44 
7.35 7-45 
7.36 7-41 
7.37 7-48 
5.10 5—18 
5.10 5-18 
11.7.5 11-9 
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